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This thesis describes a battlefield maintenance and
recovery model which will be used in conjunction with the
Airland Research Model being developed at the Naval
Postgraduate School. It was developed focusing on the two
main levels of maintenance in an Army division. These are
the organizational level and the direct support level. Its
main area of emphasis is to determine the impact maintenance
and recovery have on the combat value of a unit. It investi-
gates the difference in two maintenance concepts. The first
one being recover and return to the rear area for repair and
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The purpose of this thesis is to develop a battlefield
maintenance and recovery module (MRM) for inclusion in the
Airland Research Model (ALARM). This module will be devel-
oped focusing on the two major levels of maintenance support
on the battlefield; organizational maintenance and direct
support maintenance. It will enable the Airland Research
model to assess the impact on combat battlefield maintenance
and recovery. Currently there are two different methodolo-
gies being considered. The first is the concept of fix
forward; the second being recover and repair in the rear
area.
1. Recovery and Evacuation
Battlefield recovery and evacuation can be a
manpower intensive, time consuming endeavor. Current
modelling methodologies rarely consider this as one of the
variables involved in returning a disabled piece of equip-
ment to the battlefield. Recovery is primarily the removal
of a damaged piece of equipment from the battlefield by an
external source to an area where it can be repaired. This
external source can be either a like vehicle or a recovery
vehicle such as a heavy equipment transporter (HET). The
area where it can be repaired is usually the unit field
trains which consist of the logistics personnel of the
battalion. This would include the supply and maintenance
personnel on the organization level.
Evacuation is the transfer of a disabled piece of
equipment to a higher maintenance echelon. This is usually
the transfer of equipment from the organizational to the
direct support level of maintenance. Regardless of whether a
unit is performing recovery or evacuation it requires a
large number of personnel and recovery assets for an
extended period of time. In a scenario such as the European
environment, the time factor will be critical when we are
fighting outnumbered. Therefore what is needed is a way to
assess the combat value of a maintenance program which
utilizes the fix forward concept as much as possible versus
the combat value of a program which recovers and repairs in
the rear.
2. Fix Forward
The fix forward concept entails attaching a mainte-
nance support team of five to twenty mechanics, depending on
the size and mission of the supported battalion. It will
also include an initial stockage of repair parts dependent
on the density of equipment types which the battalion poss-
esses. The advantage of this maintenance concept is that it
allows the mechanics to be where the equipment is and to
repair it where it is damaged. This relieves both the
supported battalion and the supporting maintenance company
of the problem of having to recover the equipment in order
to get it repaired. The disadvantage of this concept is that
it will divide the supporting maintenance company assets
into four or five segments, depending on the number of
battalions they are supporting, thus increasing the amount
of command and control necessary to insure the effective and
efficient operation of all elements. It will also split the
stockage of repair parts and make it more difficult to
insure the parts are located where they are needed.
3. Recover and Repair
The concept of recover and repair has been the main-
stay of current maintenance doctrine. In this concept all
damaged equipment is recovered or evacuated from the battle-
field and taken to the appropriate maintenance facility for
repair. The advantage of this concept is that all mechanics
and repair parts are centrally located so that there is no
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possibility of one unit having a surplus of maintenance
capability and another having a shortfall. All assets are
under the direct command and control of the maintenance
company commander and are responsive to any change in the
tactical situation. The primary disadvantage of this concept
is that it requires the additional time to recover equipment
and then to return the equipment after repair. Also it
requires additional personnel and recovery assets that may
not be neccessary if maintenance assets were available on
site.
4. Objectives of Research
Research for the MRM considered different modelling
methodologies for its development. The objectives of the
research for the MRM are as follows.
a) Determine levels and methods for aggregation and/or
di saggregation.
b) Obtain a data base for the MRM.
c) Integrate maintenance and recovery into the transpor-
tation network methodology.
d) Build a simulation model of battlefield maintenance
and recovery.
B. MAINTENANCE SUPPORT OVERVIEW
1. Maintenance Definition
Maintenance as defined by FM 100-10 (Combat Service
Support) consists of all actions taken to retain material in
a serviceable condition or to restore it to serviceability.
Doctrine has indicated that in the Airland Battle U. S.
forces will be fighting outnumbered. Thus it is imperative
that we recover and return to serviceability all damaged and
disabled equipment as soon as possible. The concept of
"fix forward" needs to be integrated into the total mainte-
nance picture. This concept will help to maximize weapons
system combat time by reducing or eliminating the time
required for recovery and evacuation. Battlefield recovery
and evacuation is defined as the process of retrieving
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inoperable or battle damaged equipment from forward areas to
the supporting maintenance activity for repair (either unit
field trains or a supporting direct support maintenance
activity). Utilization of a fix forward concept would
require the commitment of a substantial amount of
maintenance capability (mechanics and repair parts) in the
actual battle area.
2. Returning Disabled Equipment to Serviceability
Returning a disabled or battle damaged piece of
equipment to serviceability normally requires two interde-
pendent actions to take place. These are a maintenance
action, which entails personnel and equipment, and a supply
action.
The maintenance action can be divided into various
subtasks such as:
a) Inspection and classification of equipment
b) Repair of equipment
c) Testing of repaired equipment
The supply action can also be divided into various
subtasks such as:
a) Receipt, storage and issue of repair parts
b) Direct exchange
c) Operational readiness float (ORF)
d) Controlled exchange and cannibilization
All of these tasks are interrelated in one way or
another and cannot function alone on a battlefield.
3. Inspection and Classification
The inspection and classification of a disabled
piece of equipment is done in order to accurately ascertain
the extent of damage and the repairability of the equipment.
The initial assessment is done by the owning unit's organi-
zational mechanics. They will determine if the equipment can
be repaired at their level with the repair parts and skill
levels they possess. If the mechanics determine that they do
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not have the capability to repair the item, they will
contact their supporting direct support maintenance company
for a formal inspection and classification. This entails a
formal procedure by which the inspector determines the
extent of damage and the repair parts required to restore it
to serviceability. If the damage is extensive the inspector
will then determine if the equipment is economically or
uneconomically repairable. If it is determined to be uneco-
nomically repairable, it is then removed from the inventory
of the owning unit and placed in a cannibilization status
where any serviceable components can be removed.
4. Repair of Equipment
After the extent of damage has been determined and
the appropriate repair parts have been obtained, a crew of
mechanics will repair or replace components of the damaged
equipment according to the inspection sheet. The type of
mechanic utilized for the repairs depends on the system or
components damaged. The number of mechanics used also
depends on the component damaged.
5. Testing of Repaired Equipment
Upon completion of repairs by the maintenance crew
the piece of equipment is returned to the inspection
section. There it is determined if the correct repairs were
made and whether the equipment has been returned to a
serviceable condition. When this has been determined, the
supporting maintenance unit will notify the owning unit to
pick up the equipment.
6. Receipt , Storage and Issue of Repair Parts
The receipt, storage and issue of repair parts is
one of the most critical functions of a maintenance unit. If
the correct repair parts are not on-hand or if they cannot
be obtained in an expedient manner, the maintenance unit
cannot repair damaged equipment. Each company in the Army
has a precribed load list (PLL) of repair parts. This list
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depends on the type of equipment a unit has and on the
densities of this equipment. It is a listing of those repair
parts required to be on-hand by the unit in order to sustain
it in a combat situation for thirty days and is determined
through historical records of the equipment on-hand and
their consumption of repair parts.
At the direct support level of maintenance the
combat divisions have an authorized stockage list (ASL)
which is a listing of repair parts and major assemblies
required to be on-hand. The major assemblies are engines,
transmissions, transfers, axles, final drives, etc. The
division ASL supplies all the repair parts for the entire
division. It is used to replenish the PLL of individual
companies and forms a basis for the direct support stockage
of repair parts for the division maintenance battalion. The
division ASL is maintained by the divisional maintenance
battalion in a central warehouse. Each line item of stockage
is tracked to insure that there are always supplies on-hand.
As an item is ordered from the warehouse it is annotated as
in a checking account. When the balance of the item on-hand
reaches the reorder point, a requisition is sent to the next
higher stockage point to replenish it to its authorized
level. These stockage levels and reorder points are
computed to allow the division an average thirty day
stockage of repair parts.
7. Direct Exchange
The direct exchange (DX) system is used to augment
the division's ASL and the company's PLL. It consists of
those repair parts that can in themselves be repaired rather
than just replaced. These items consist of things such as
generators, alternators, carburetors, fuel injection pumps,
etc. They are requisitioned the same as repair parts, except
that the damaged item must be turned in for repair.
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8. Operational Readiness - Float
The operational readiness float (ORF) of a division
consists of a collection of major end items: tanks, trucks,
armored personnel carriers, etc. They are utilized only as a
wartime stockage reserve. If a damaged piece of equipment is
determined to be uneconomically repairable and removed from
the owning unit's inventory it will be replaced by a like
item from the division float assets. A new end item will be
requisitioned and when received will be placed in the float.
This is done primarily so that a unit will not be short any
equipment which will degrade its combat effectiveness.
9. Controlled Exchange and Cannibal iz ation
Controlled exchange and cannibalization are a last
resort for obtaining repair parts. Cannibalization is the
removal of serviceable repair parts from an uneconomically
repairable item of equipment. Controlled exchange is the
removal of serviceable repair parts from a like piece of
equipment that is disabled for another reason, which results
in getting one item in a combat ready posture at the expense
of another. Both of these are actions of last resort




The U. S. Army currently uses a system of four main-
tenance echelons. These levels of maintenance are:




Proposals for doctrinal changes in maintenance
support as specified in the Airland Battle 2000 concept
would reduce the number of maintenance echelons to two. The
proposal is to combine organizational and direct support as
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one echelon, and general support and depot repair as the
second echelon. Since the Airland Research Model is struc-
tured at a corps level, the two primary levels of mainte-
nance support which will be utilized in the maintenance
module will be the organizational level and the direct
support level.
2. Responsibilities
The organizational level of maintenance is charac-
terized by preventive maintenance and replacement of direct
exchange type repair parts, i.e., carburetors, distributors,
tires, etc. In a combat situation these actions would be
limited to mission essential maintenance only (MEMO) which
is defined as only that maintenance required to keep a
vehicle operationally ready for a given mission.
The direct support level of maintenance is charac-
terized by the replacement of major components of weapon
systems, i.e., engines, transmissions, final drives, tank
tubes, fire control equipment, etc. , the evacuation of
damaged equipment to higher levels of support, backup
recovery support and repair parts supply.
D. PROBLEM DEFINITION
What is needed is a prescriptive model which will
explicitly simulate battlefield maintenance and recovery.
There are two models which are currently being utilized to
simulate combat service support operations in a combat envi-
ronment. These are the ARMY UNIT READINESS/SUSTAINABILITY
ASSESSOR (AURA) Model and the combat service support module
in the FORCE COMBAT EVALUATION MODEL (FORCEM). Maintenance
support in both these models are explicit, sequential event
type models. These two models differ greatly in their
degree of resolution in simulating battlefield maintenance
and recovery. AURA is a very high resolution model while
FORCEM is a low resolution model.
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FORCEM is a theater level combat model. Its simulation
of maintenance and recovery is one of low resolution. It is
a deterministic model and uses expected value data. The
maintenance routines in this model are called only once
every 24 hours of simulation time. It is considered a low
resolution model for maintenance and recovery for several
reasons:
a) Representation of equipment
b) Representation of personnel
c) Representation of repair, repair parts and repair
parts supply
d) Maintenance asset attrition
The representation of equipment in FORCEM assumes that
all vehicles will fall into a general vehicle class. For
example, all trucks two and a half tons and heavier will be
represented as similar vehicles utilizing the same mechanics
and repair parts. The representation of personnel in FORCEM
assumes that all maintenance personnel possess all requisite
skills to complete any maintenance task. Repair parts are
represented by tonnage, i.e., a certain vehicle class will
require a specified tonnage of repair parts, and in order
for the vehicles to be repaired, that many tons of repair
parts must be available. The final assumption is that main-
tenance asset attrition can occur only at their base loca-
tion, which means they are invulnerable when performing
recovery missions or when support elements are fixing
forward.
According to the AURA users manual, "AURA is a Monte
Carlo discrete event simulation model intended for analyzing
the interrelationships among the resources associated with a
set of combat units, and the capabilities of those units to
generate combat missions in a dynamic and rapidly evolving
wartime environment. " It is a very high resolution model
which simulates vehicle maintenance, repair parts supply,
support repair jobs and recovery.
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In contrast to the FORCEM model it provides for repair
parts in terms of the actual parts required, (i.e., normal
receipt and issue, direct exchange, cannibalization or
controlled exchange). Maintenance personnel are allocated by
the particular "shop" in which they work. AURA provides for
thirty possible maintenance shops within a maintenance
organization. AURA' s actual maintenance tasks that can
assigned to these shops include:
1) Unscheduled maintenance
2) Pre-mission tasks
3) Battle damage repair tasks
4) Other related vehicle tasks (Refueling, rearming, etc)
Each of the sub tasks in these areas can be defined as
one- step or multi-step procedures depending on user input.
The actual maintenance decision processes are explicitly
represented in this model. The. majority of the program is
user defined inputs or functions such as equipment invento-
ries, repair parts inventories, maintenance skill defini-
tion, force structure and maintenance and supply decision
doctrine.
These two models explicitly represent the "real world"
processes. What is needed for the Airland Research Model is
to find a compromise in resolution between these two models
that would provide an accurate depiction of maintenance
support but without an immense data base. Another goal for
the MRM is to develop appropriate stochastic processes and
their parameters for combat maintenance support if at all
possible. If so, it would provide a prescriptive capability
for the Airland Research Model which would represent mainte-
nance support under combat conditions in conjunction with
the overall combat model.
This thesis is divided into five chapters and two
appendices. Chapter one has provided an introduction and an
overview of maintenance support. Chapter two deals with the
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module design concepts utilized in the construction of the
MRM. Chapter three is an analysis of the combat damage data
from the Southeast Asia conflict and the Yom Kippur war.
Chapter four is a detailed step through of the decision
logic and routines utilized by this model. Chapter five is
an analysis of the model output and and the resulting
conclusions that were formulated. Appendix A is the program
listing of the tank maintenance and recovery routines. The
other three vehicle routines were omitted for brevity.
Appendix B explains the variables utilized in the program.
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II. MODULE DESIGN CONCEPTS
A. RESOLUTION
As previously stated, the major concern regarding the
inclusion of a maintenance support module into a corps level
combat model is what level of resolution is required.
Constrained by storage capabilities and computer run time, a
module as highly resolved as AURA would not be practical for
use in the Airland Research Model. However a low resolution
module such as that found in FORCEM would not give an
adequate depiction of maintenance support and its impact on
the rest of the model.
The resolution of maintenance support can be divided
into three areas. The first is the representation of the
various types of vehicles present on the battlefield today,
secondly is the representation of all the different repair
parts that will be utilized by these vehicles, and thirdly
the different types of specialized repair personnel that are
currently being trained and utilized in the maintenance
field must be represented.
1. Vehicle Representation
The resolution required in the representation of
vehicles on the battlefield must accurately depict the major
combat power and transportation assets of the unit being
modeled. It must be detailed enough to represent the major
portion of the vehicle assets available to the unit but
general enough so that the data base requirements for the
repair parts of these vehicles will be minimized.
The resolution that will be used in the MRM for
vehicles will be the same as that used in the FORCEM model.
The MRM will represent general vehicle classes and will base
the repair parts assets and the mechanics required on these
different classes. This representation, although very
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general, will meet the attributes mentioned above in that it
will represent the major portion of the vehicle assets in
the unit but will simplify repair parts representation.
2. Repair Parts Representation
The level of resolution in representing repair parts
in the MRM will be somewhere between the representations in
AURA and FORCEM. It will be more closely related to AURA in
that specific repair parts will be represented as opposed to
FORCEM which utilizes tonnage of repair parts. The MRM will
represent many of the major assemblies that are replaced at
the Direct Support level of maintenance i.e., engines and
transmissions. It will not go to the level of detail that
AURA does in representing direct exchange and controlled
substitution. That level of resolution for this model is
not desired or required. By representing only the major
assemblies as repair parts we capture the majority of those
repairs that affect mobility and firepower in a vehicle.
3. Maintenance Personnel Representation
In the MRM the different types of mechanics that
will be utilized by a Maintenance Support Team (MST) or a
Direct Support maintenance company will be represented.
Since the representation of repair parts will be limited to
the major assemblies we need only to represent the mechanics
that will repair or replace these assemblies. This level of
resolution is between the levels of AURA and FORCEM. FORCEM
represents only a mechanic who can repair all damages, AURA
represents twenty five separate shops and their mechanics
which cover almost any type of repair that would be
required.
4. Overall Level of Resolution
As mentioned above, the three categories of vehi-
cles, repair parts and mechanics all affect the overall
level of resolution of a simulation. These three categories
can be multiplicative with respect to each other. An
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increase or decrease in one category can affect the magni-
tude of the other two categories, so that in determining an
overall level of resolution all three categories need to be
considered together.
B. STRUCTURE
Battlefield maintenance and recovery during a corps
level field exercise is a fluid activity rather than a
static one. In order to accurately portray maintenance
support, it must be an integral and continual part of the
combat model.
The MRM will be structured so that it can be run off-
line from the main combat model (ALARM). It will then be
available for use at any time during the execution of the
main model. The Airland Research Model will provide inputs
to the MRM. These inputs will be the number of vehicles by
category that have been damaged during the course of a
battle and their location on the battlefield.
1. Vehicle Categories
There are four categories of vehicles in the initial
maintenance module. These categories were selected because
they represent the majority of vehicles in the Army inven-
tory and the actual maintenance requirements within each
category for different types of vehicles are very similar.
For example, the number of mechanics and the amount of time
required to repair an engine on a 5 ton versus a 2 1/2 ton
truck are the same. The categories selected are:
a) Tanks
b) Armored Personnel Carriers
c) Wheeled vehicles
d) Artillery pieces
These categories represent the major portion of the combat
systems that will be present on the battlefield, and are




. The actual maintenance entity in this model will be
represented by a mechanic. The mechanic types that are
utilized are:
a) 63C - Tank vehicle mechanic
b) 63H - Wheeled vehicle mechanic
c) 45K - Armament mechanic
d) 45C - Fire control mechanic
e) 63G - Fuel/electrical mechanic
These military occupational specialties (MOS) were
selected for the initial runs of the model because they
represent the major portion of a direct support maintenance
company and the major portion of an organizational motor
pool.
3. Repair Part Categories
The selection of the repair parts to be modeled was
based on the vehicle categories selected. These repair parts
represent the major assemblies of these vehicles and are the
components which most directly affect the mobility and fire-
power of the vehicle. Because of the similarity of the
components of the tracked vehicles, the categories of tanks,
armored personnel carriers and artillery pieces will all








1 Fire Control System
gl 1 Armament System
h; 1 Electrical System
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The wheeled vehicles represented in this model





These categories of repair parts for the wheeled and
tracked vehicles represent the major portion of those
repairs that would be neccessary in a combat environment to
maintain them in a combat ready status. This representation
allows the monitoring of specific repairs and repair parts
rather than just tonnages of repair parts as is done in the
FORCEM model. It is also not as complex or intensive as the
AURA model but allows an accurate portrayal of battlefield
maintenance at a level of resolution compatible with the
Airland Research Model.
C. PRIORITIZATION
1. Vehicle Type Priority
Standard Army doctrine designates a priority listing
for repair work. This listing is based on what the Army
defines as 'pacing' items. Pacing items are those major end
items which provide the main combat power of a unit. For
example, the pacing item for an armored battalion is a tank,
for an infantry unit it is an armored personnel carrier, and
for an artillery battery it is their howitzers. These three
items of equipment would receive priority of repair over all
other pieces of equipment within those three types of units.
For the purpose of this model, these three pacing items are
the only three utilized, however within these three there is








As previously discussed, vehicles within an organi-
zation are prioritized for repair work. Concurrently, organ-
izations themselves can be prioritized for repair work. This
will work in conjunction with the Generalized Value System.
Each element of a division has some value associated with it
depending on its mission, its strength, its location on the
battlefield and its operational capability. This value can
be used as a discriminator in determining priority of
repair.
3. Utilization
These priorities will come into play if demand for
repair exceeds maintenance capability. If the number of
mechanics required exceed the number available, the items
requiring repair will go into the appropriate queue. The
queues will be prioritized according to vehicle type and
unit hierarchy. These queues can then be changed by the user
if the situation dictates. This will occur in the hierarch-
ical priority as the value of a unit changes as its mission
changes. The prioritization by vehicle can also change if
the operational readiness of a specific weapon system drops
below a predesignated threshold level. The operational read-
iness of a vehicle is defined as the number of combat ready
vehicles (by type) divided by the total number of vehicles
(by type). This will give an availability percentage by
vehicle type. This percentage will generally range between
0. 50 and 0. 70. For example, if the predesignated rate for
armored personnel carriers was 0. 70 and the operational
readiness rate for them was calculated to be 0. 60 then
priority of repair would be shifted to armored personnel
carriers until its readiness rate was above the threshold
level.
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D. ALLOCATION OF MAINTENANCE SUPPORT TEAMS
Each maneuver battalion and artillery battalion is allo-
cated a direct support maintenance support team (MST) to be
deployed forward along with the unit's field trains. Their
mission will be to repair those items of equipment that are
considered fast turnaround repairs. A fast turnaround repair
is defined as any repair job that can be completed within
four hours by a crew of two or three mechanics. Fast turn-
around repairs will be utilized for those jobs that can be
repaired on-site in order to eliminate recovery time. The
maintenance support teams will be under the operational
control (OPCON) of the supported unit but will receive all
class IX (repair parts) direct support supply from their
organic maintenance company.
The MST will function independently of the Direct
Support maintenance company in the rear and will complete
all repairs within their capability. This capability depends
on two factors. The first factor is the number of mechanics
in each area that the support team has and the second is the
repair time criteria mentioned above. As an example, if the
MST has ten mechanics available for repair and the repair
time criteria is eight hours it equates to a repair capa-
bility of eighty manhours. This would then be utilized in
determining evacuation criteria for the MST. This criteria
is determined based on the desired allowable workload above
the repair capability. The evacuation decision may be to
evacuate any repair job which would exceed the repair capa-
bility of the MST, or it could be set at some multiple of
the repair capability. As in the example above, the evacua-
tion criteria could be set at two times the repair capa-
bility which would mean all repair work up to 160 manhours
of repair would remain at the MST and anything in excess of
this would be evacuated to the DS maintenance company in the
rear.
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E. BATTLE DAMAGE ASSESSMENT
The Airland Research Model (ALARM) will provide the MRM
with the number of vehicles, by type, that have been damaged
during the course of a battle. The MRM will then take these
numbers and assess specific repair requirements for these
vehicles. It will first determine how many of the vehicles
have been completely destroyed and then determine how many
of the damaged vehicles will require engines, transmissions,
etc. It will do this through an empirical distribution
obtained from actual combat data from the Yom Kippur War and
the Southeast Asia conflict. An example of the combat data
from these conflicts along with an analysis of that data is
provided in Chapter 3.
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III. COMBAT DATA ANALYSIS
A. DESCRIPTION OF DATA
The combat data that was utilized in the MRM was
obtained from the Combat Data Information Center of the Air
Force Wright Aeronautical Laboratory located at
Wright-Patterson AFB in Ohio. The data obtained consisted of
two separate databases. One was the Southeast Asia Ground
Vehicle Database and the other was the Arab- Israeli Conflict
(1973) Database ( Yom Kippur). These databases were analyzed
to determine an empirical distribution of combat damage to
be utilized in the maintenance module of the Airland
Research Model.
1. Southeast Asia Ground Vehicle Database
This database is a collection of 706 Army ground
vehicle reports prepared by a 47-man Battle Damage
Assessment and Reporting Team in Southeast Asia. It contains
the details of individual combat incidents in which loss or
damage occurred. An example of the data is -shown in Figure
1.
The types of vehicles analyzed for utilization in
the damage distribution of this model were armored personnel
carriers, tanks, wheeled vehicles and artillery pieces. The
information extracted from the separate incidents include
model type, direct and indirect hits, hit location, threat
type, repair level and manhours if available, and the
systems that were damaged. The types of weapons that were
used against this equipment were classified into six catego-
ries: mines, rocket propelled grenades, mortar and rockets,
machine guns, small arms, and grenades.
2. Arab-Israeli Conflict (197_3) Data Base
The database from the 1973 Arab- Israeli conflict was





























































































































































































LU CU LU —JIa.>u
<t CO •—I cuaoai
Lu CO O 3
-K * •X •X
-X



































































































































































































































































































































































































































* •X X X X
* * •X •X
X
* « X X X












































































































X * * X X
X X X X •X
« X * * •X
* X X •X *
* X X X X
X •X * X X













1 00 * -X •X ' «—
4





X £ *X X XX s
X
X 2;
Figure 3.1 .Southeast Asia Data Base Example.
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conjunction with representatives of the Israeli Defense
Force. It consists of a total of 774 reports describing
damage to individual vehicles ( 577 tanks and 197 armored
personnel carriers). The information that was extracted from
this database consisted of type of vehicle, general hit
location, component of initial impact, and component of
subsequent impact.
B. TANK DAMAGE DATA
Analysis of the tank data from these two databases
produced a total of 257 separate combat incidents in which
the vehicle involved was either totally destroyed or one or
more of the repair parts or components being modeled were
damaged. From these 257 incidents there were a total of 425
separate components damaged. A breakout of the total damages
by component is given in Table 1.
TABLE I
TANK DAMAGES BY COMPONENT
1) Tanks totally destroyed - 70
2) Engines damaged - 27
3) Transmissions damaged - 37
4) Transfers damaged - 25
5) Fire control system damaged - 37
6) Electrical system damaged - 49
7
)
Armament system damaged - 44
8) Track damaged - 136
Total systems damaged 425
The number of damages for each component were then
divided by the total number of vehicles damaged to get a
relative percentage of the amount of damage each system had
sustained. These percentages when summed are greater than
one which reflects the fact that a single tank can have more
than one component damaged. This raw data was then normal-
ized over the total number of systems damaged to obtain an
30
ized over the total number of systems damaged to obtain an
empirical probability density function of combat damage by
system. A breakdown of the raw data and the resulting
empirical probability density function are given in Table 2.
TABLE II
TANK DAMAGES PROBABILITY DENSITY FUNCTION
System or Percentage Probability
component Damaged Density Function
Totally destroyed .27237 . 16471
Engine . 10506 . 06353
Transmission . 14397 . 08706




. 14397 . 08706
. 19066 . 11529
. 17121 . 10353
Track . 52918 . 31999
The data appear to be relatively uniform across systems
except for the amount of damage done to the track components
of a tank. This is, however, intuitively as one would expect
as the track components of a tank are the most vulnerable
and therefore the components most susceptible to damage.
This empirical density function for the combat data of tank
systems closely approximates actual combat damage as experi-
enced during the Southeast Asia conflict and the Yom Kippur
War.
C. ARMORED PERSONNEL CARRIER DAMAGE DATA
The combat damage data extracted ' from the two databases
on armored personnel carriers included all types of the M113
series of vehicles. This included vehicles such as the M577
Command Track, M578 Artillery cargo vehicle and the M901
Improved TOW vehicle. These were included because they all
utilize the same chassis and drive train. The only
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significant difference among these vehicles is the
configuration of the armament and fire control systems.
Since this model represents these systems as a whole and not
by specific component, it was therefore appropriate to
consider all these systems as a single type vehicle.
Analysis of the two data bases produced a total of 372
separate incidents which involved the total destruction of
the personnel carrier or one or more damages of the
components being represented in this model. Of those 372
incidents there was a total of 601 separate components
damaged. A breakout of those damages are given in Table 3.
TABLE III
APC DAMAGES BY COMPONENT
1) APCs totally destroyed - 91
2) Engines damaged - 84
3) Transmissions damaged - 77
4) Transfers damaged - 62
5) Fire control system damaged - 10
6) Electrical system damaged - 29
7) Armament system damaged - 32
8) Track damaged - 216
Total systems damaged 601
The combat damage data were then treated in the same
manner as the tank damage data. The resulting damage
percentages and the probability density function is given in
Table 4.
Analysis of this probability density function results in
approximately the same conclusion as the tank damage data.
The damages are relatively consistent across the components




APC DAMAGES PROBABILITY DENSITY FUNCTION
System or Percentage Probability
component Damaged Density Function
Totally destroyed .24462 . 15141
Engine . 22581 . 13977
Transmission .20699 . 12812




. 02688 . 01664
.07796 . 04825
. 08602 . 05324
Track . 58065 . 35940
D. WHEELED VEHICLE DAMAGE DATA
The combat damage data extracted from the two databases
on wheeled vehicles included data from all wheeled vehicle
types with the exception
of low density engineer equipment such as scoop loaders and
backhoes. These types of equipment do not fall into the
category of main combat power or transportation asset for a
unit and for that reason were omitted from the analysis.
There were a total of 78 separate wheeled vehicle incidents
in these two databases with a total of 104 separate compo-
nent damages. A breakdown of the component damages is given
in Table 5.
These data were then treated the same way as the
personnel carriers and tanks with the resulting percentages
of damage and probability density function given in Table 6.
Analysis of these results show that the damages
sustained by a wheeled vehicle are relatively uniform across
all components which suggests that all components of a
wheeled vehicle are equally susceptible to damage.
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TABLE V
TRUCK DAMAGES BY COMPONENT
1) Trucks totally destroyed - 14
2) Engines damaged - 20
3) Transmissions damaged - 24
4) Transfers damaged - 21
5) Axle/Suspension damaged - 25
Total systems damaged 104
TABLE VI
TRUCK DAMAGES PROBABILITY DENSITY FUNCTION
System or Percentage Probability
component Damaged Density Function
Totally destroyed . 17949 . 13462
Engine .25641 .19231
Transmission .30769 .23077
Transfer . 26923 . 20192
Axle/Suspension .32051 .24038
E. ARTILLERY DAMAGE DATA
The database for artillery component damages was very
small. There was only a total of 11 separate artillery
pieces which were either destroyed or damaged. Of these 11
there was a total of 18 components damaged. Although it was
a very small sample compared to the other three vehicle
systems the data were handled in the same manner. The vehi-
cles included in this category were the M109 and MHO Self
Propelled Howitzers. The breakdown of the combat damages are
given in Table 7.
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TABLE VII
ARTILLERY DAMAGES BY COMPONENT





4) Fire control system damaged
5) Electrical system damaged











The resulting damage percentages and probability density
function are given in Table 8.
TABLE VIII
ARTILLERY DAMAGES PROBABILITY DENSITY FUNCTION
System or Percentage Probability
component Damaged Density Function
Totally destroyed






Fire control system . 09091
Electrical system .27273





Because of the small sample size many of the values in
the empirical probability density function are repetitive.
These values, however, appear to be as expected in that half
of the total damages were between the armament system itself
and the track.
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F. DISCUSSION OF DATA
Although the values in the probability distribution
functions are not to be considered as absolutes in deter-
mining combat damages in simulation modelling, they are
based on historical figures and as such are probably more
reliable than numbers obtained from other sources. These
values when utilized by the MRM will reasonably represent
the damages that would be expected to appear in a real life
combat situation and should realistically reproduce combat
damages.
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IV. MODULE DECISION LOGIC AND DESIGN
A. INTRODUCTION
This chapter describes the decision logic utilized in
MRM and provides an explanation of the various queues used
throughout the program. It provides a step-by- step descrip-
tion of the maintenance and recovery algorithms and deci-
sions. The general processes involved are identified and
described and the structure of the model components and
their interrelationships are discussed in detail. The actual
decision logic and routines throughout this simulation are
identical for all four categories of vehicles that are
modeled. This description of the logic and design of the
model will refer to only the tank maintenance and recovery
routine for brevity but applies universally to all four
maintenance and recovery routines. Any differences which
are present in the module as a whole will be addressed as
neccessary.
1. Maintenance and Recovery Queues
For each repair part in the MRM there are a total of





e) Evacuation to rear
f) Repaired and returned
These queues represent the various dispositions that a
vehicle can be in at any given time. For the armored
personnel carriers, tanks and artillery pieces (which have
eight separate repair parts represented) there are a total
of forty eight queues each. The wheeled vehicles with four
repair parts represented have twenty four queues. This
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amounts to a total of 168 queues being utilized by . this
model for the vehicles. There are also two other queues
which handle the evacuation times for the two maintenance
support teams (MST) for a total of 170 queues for the MRM.
a. Under Repair Queue
This queue contains all those vehicles for which
there were sufficient repair parts on-hand and enough
mechanics available to repair them.
b. Waiting Mechanics Queue
This queue contains all those vehicles for which
there were parts on-hand but there were not enough mechanics
available to perform the required repairs. When this queue
is entered the appropriate repair part is decremented from
the repair parts stockage so that when mechanics become
available it will automatically transfer to the Under Repair
queue.
c. Waiting Parts Queue
This queue contains all those vehicles for which
there were not sufficient repair parts available. Vehicles
in this queue remain there regardless of how many mechanics
are available. This will be the first possible queue that a
vehicle requiring repair can enter.
d. Return Time Queue
This queue relates the time that vehicles will
be completed with their repairs. It is entered at the same
time a vehicle enters the Under Repair queue and is then
checked continually against the current simulation time to
determine if repairs are completed. On completion, the
vehicles are transferred to the repaired and returned queue.
e. Repaired and Returned Queue
This queue contains all those vehicles that have
been placed under repair and have been completed. These
vehicles are considered to be available for return to the
owning unit as a completely functional vehicle.
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f. Evacuation Time Queue
This queue contains the time of arrival of vehi-
cles evacuated from the forward maintenance support teams to
the Direct Support maintenance company. It relates evacua-
tion time to current time and will be integrated with the
transportation network module which will determine the time
delay inherent in transporting pieces of equipment from the
front battle areas to the rear area. Currently the time
delay is a user supplied input to the MRM.
g. Evacuation to Rear Queue
This queue is entered at the same time as the
evacuation time queue but keeps track of the total vehicles
being evacuated from the maintenance support teams to the DS
maintenance company.
B. STRUCTURE
The maintenance and recovery module is a discrete event
simulation model. It has been initially run using a time
step of one hour. The program is designed however, to acco-
modate any time step a user would care to designate. As an
example, if the time step desired is 12 hours the various
time parameters in the model such as evacuation time, or
repair and return time would be adjusted to reflect the 12
hours in terms of days. (i.e. instead of a 6 hour evacuation
delay it would be reflected as a 0. 25 day delay. ) As such,
any time step can be utilized by the model with minimal code
modification.
1. Initialization of Model (See Section 1, Appendix A)
The initialization of MRM allows the user to specify
various configurations of maintenance support. The model has
three distinct maintenance elements represented; designated
as a Direct Support maintenance company and two forward
deployed maintenance support teams. The strength and compo-
sition of these three elements can be changed and varied
according to the desires of the user. The user may elect to
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conduct all maintenance in the rear Direct Support company
by initializing the number of mechanics in the forward main-
tenance support teams to zero. This would result in all
repair jobs located in the forward areas to require evacua-
tion and would therefore incur a time delay. Similarly the
user may elect to have a large portion of the total mainte-
nance capability in the forward deployed maintenance support
teams. The user then has the ability in MRM to change the
number of mechanics in each element and the composition of
those elements.
a. Types of Mechanics
The simulation utilizes five different types of mechanics:
tank mechanics, wheeled vehicle mechanics, armament
mechanics, fire control mechanics, and electrical mechanics.
Each type of mechanic has its own set of repair jobs that it
can accomplish. As opposed to FORCEM which assumes that each
mechanic can perform repairs in all categories, MRM allows
for no cross-utilization of mechanics between maintenance
categories. This was done because it more accurately depicts
the actual capabilities of the mechanics in the field today.
Only two of the five mechanic types represented
in MRM can perform more than a single type of repair: the
tank mechanic and the wheeled vehicle mechanic. The tank
mechanic can perform five different types of repairs:
engines, transmissions, transfers, final drives and track.
He can repair these five components on tanks, armored
personnel carriers, and self propelled howitzers. As such
this mechanic, as in a real maintenance unit, is the largest
group of mechanics. In MRM the tank mechanic is utilized in
three of the four routines. The wheeled vehicles have their
own mechanic which can perform all the repairs represented
for wheeled vehicles, i. e. engine, transmission, transfer
and the axle/suspension system. The other three mechanic
types handle one repair each, either the electrical, fire
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control or armament systems, but they can repair them for
all three tracked vehicle categories.
b. Allowable Workload Initialization
One of the determining factors in the evacuation
decisions of this model is the allowable workload of the two
forward deployed maintenance teams. The allowable workload
is in units of manhours per type of mechanic in the team.
This means that there is a different value for each mechanic
type in each of the two forward teams. These values can be
adjusted by the user to reflect different evacuation poli-
cies. Depending on the number of mechanics in each team the
allowable workload would indicate how much of a backlog of
maintenance repair in manhours is going to be allowed before
the damaged vehicles must be evacuated to the rear Direct
Support company.
c. Initial On-hand Quantities of Repair Parts
The initialization of the on-hand quantities of
repair parts in each of the three maintenance elements can
be utilized to represent different maintenance policies. If
only those repairs that take less than a certain amount of
time to repair are to be completed by the forward teams,
then those repair parts would be the only ones stocked. The
others would be located at the DS maintnenance company.
d. Mechanics Required and Time to Repair
The initialization of these two parameters can
be a user-defined parameter. However, specific data can be
utilized from the maintenance allocation charts in the tech-
nical manuals for particular items of equipment. These
charts specifically delineate the approximate manhours
required to complete a specific repair. From this data the
number of mechanics and the approximate time to repair an
item can be determined. An example of a maintenance alloca-
tion chart is given in Figure 4. 1.
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Figure 4. 1 Maintenance Allocation Chart Example.
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C. DESIGN AND DECISION LOGIC DESCRIPTION
The actual design and decision processes utilized in MRM
are discussed in the following sections. As stated earlier
the MRM is a discrete event time step simulation. This pres-
entation will focus primarily on the tank maintenance and
recovery routines but represents the decision logic and
processes for all four routines.
At each time step data is input into MRM from ALARM
reflecting the total number of vehicles by category that
have been assessed as having been hit and damaged during the
last time step. At this point MRM takes those vehicles and
assesses specific repair requirements based on the empirical
probability density functions described in Chapter 3. ( see
also section 2, appendix A) These repair requirements will
be determined for the two forward support maintenance
elements and the rear DS company.
1. Initial Queue Allocation Routine (See Figure 4.2)
a. Repair Parts Allocation
Based on the initial input of data, the repair
requirements will enter a queue allocation routine. The
amount of damage by repair part that has been determined
from the probability distribution function is compared with
the current stockage of repair parts of that type that are
on-hand. If sufficient quantities of parts to satisfy the
demand are available, that number of repair jobs go into a
waiting repair status and the appropriate number of repair
parts are decremented from the on-hand quantity. If there
are not enough repair parts to satisfy the demand, the
number of jobs that can be repaired with the stocks on-hand
go into the waiting repair status. The remainder of the
repair jobs enter the waiting parts queue as of that time
step. The on-hand stockage of that repair part will then
reflect a zero balance.
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b. Mechanic Allocation
Upon assignment of those jobs that are in the
waiting repair category from above, the number of repair
jobs by category is multiplied by the number of mechanics
that are required to complete the repair. This will result
in the total number of mechanics, by type, that will be
required to repair all of the jobs in that waiting repair
category. If there are a sufficient number of mechanics
available to complete the repairs, those repair jobs enter
the under repair queue as of that time. Concurrently a
return time queue is initiated which keeps track of time so
that when the designated time to repair has passed, the
repair jobs that were under repair are completed. The number
of mechanics by category that are available for repair will
be decremented by the total number of mechanics that were
utilized. If there were not enough mechanics to complete the
repair work, that percentage of work that can be completed
by the mechanics on-hand enter the under repair queue and
the remainder enter into a waiting mechanics queue as of
that time step. The on-hand number of mechanics available is
then set to zero.
c. Running Totals
A running total is maintained which indicates
the total number of repair jobs that are either under
repair, waiting parts or waiting mechanics. There is also a
workload computation done at this point which multiplies
those jobs that are waiting mechanics by the manhours that
would be required to repair each job. This value is used
later in determining if any of the waiting mechanics jobs
should be evacuated.
2. Workload Computations (See Figure 4.3)
This routine calculates the maintenance workload at
each of the two forward support teams and evacuates any
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Figure 4. 2 Initial Queue Allocation Routine.
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designated timeframe. A current workload is calculated for
each mechanic type by summing across those repair jobs whose
workload indicates that there are repairs waiting mechanics.
If the current workload exceeds the allowable workload that
was specified in the initialization stage of the model, then
those repairs that were waiting mechanics are evacuated to
the rear DS maintenance company. The actual evacuation is
sequential in that the repairs that require the longest time
are evacuated first and the overall workload is recomputed.
The order of evacuation for tanks, personnel carriers and
howitzers is track, final drives, transfers, transmissions
and then engines. Since the armament, electrical and fire
control mechanics repair only one component, they will evac-
uate all repairs that exceed their capability. The order of
evacuation for the wheeled vehicles is axle/suspension,
transfers, transmissions and then engines.
The actual routine first determines if the current
workload exceeds the allowable workload. If it does, then
the amount of workload above the allowable is computed and
compared against the total track workload of that mainte-
nance element. If the excessive workload is greater than
the total track workload, the entire track workload is
placed in an evacuation queue as of that time step. The
process then repeats for the remaining repair parts until
the current workload is less than the allowable workload.
If the excessive workload does not exceed the total workload
of a particular component then only that portion of the
workload above the allowable will be evacuated. Concurrent
with the evacuation queue, an evacuation time queue is also
established. This time indicates the delay of repair
resulting from the in-transit time required for evacuation.
Currently this is a user specified input during the initial-
ization phase but will eventually be integrated with the
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Figure 4. 3 Workload Computations.
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3. Evacuation Time Routines ( See Figure 4.4)
As the model steps through time, jobs that have been
evacuated from the forward maintenance support teams will
eventually arrive at the DS maintenance company. At each
time step the evacuation time routines will loop through all
the evacuation times established in the repair evacuation
routines. If any of those times are less than or equal to
the current time, those evacuated jobs are removed from the
evacuation queue and enter into a waiting repair queue at
the DS company. These repair jobs then enter the queue
allocation routine at the next time step for disposition.
4. Repair and Return Routine (See Figure 4.5)
Each time that a repair job is placed in the under
repair queue, a return time queue is initiated to indicate
the time when those repairs will be completed. At each time
step, the model cycles through these return times to check
if any repairs have been completed. If the return time is
less than or equal to the current time the jobs will be
removed from the under repair queue and will enter into a
repaired and returned status as of that time step. At that
point the running total for under repair is decremented by
the number that have been completed and the number of avail-
able mechanics is incremented by that number times the
number of mechanics that were required for that repair job.
Once this has been completed the model then investigates all
the waiting mechanics queues.
5. Waiting Mechanic Routines (See Figure 4.6)
At each time step, the model cycles through the
waiting mechanics queues when it has completed the repair
and return routines. It cycles through all the queues
starting with the oldest waiting mechanics repair jobs and
begins assigning the newly returned mechanics from the
previous routine. At each time step it determines if there
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Figure 4. 5 Repair Completion Routine.
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whether there are mechanics available to do the repairs. If
the answer to both is yes, the model then determines the
total number of mechanics required to complete the repairs
and divides it by the total number of mechanics that are
available. If the ratio is less than or equal to one then
there are enough mechanics to complete all the repairs in
that category that are waiting mechanics. Those repair jobs
that were in the waiting mechanics queue are removed and
placed in the under repair queue. The total number of
mechanics, and the total number of repair jobs waiting
mechanics are then decremented. If the ratio is greater than
one, then there are not enough mechanics to complete all the
repairs, so the number that can be repaired by the mechanics
available is removed from the waiting parts queue and placed
in the under repair queue. The waiting mechanics queue at
that time step is decremented by that same amount and the
model then investigates the next mechanic type for available
mechanics and repairs waiting mechanics.
6. Output
The final part of the model is the generation of the
output. At each time step the output monitors the various
queues in the model and presents them in tabular form. From
this output repairs can be traced throughout the system. A
detailed explanation and analysis of this output is









To Repair all Jobs
Yes
Place Repair Jobs











Place Jobs That Can Be
Repaired by Available
Mechanics in Under Repair
Status i
Start Repair Time Counter
f
{ EXIT
Figure 4. 6 Waiting Mechanics Allocation Routine.
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V. ANALYSIS OF. OUTPUT
A. DISCUSSION OF INITIAL PARAMETERS
This simulation was developed to assist a decision maker
in evaluating alternatives with respect to battlefield main-
tenance and recovery. Specifically this model gives the
decision maker the capability to evaluate how battlefield
maintenance can affect the combat power of a unit. The model
allows a user to reallocate resources among three separate
maintenance entities to observe how overall maintenance
capability is affected and how this in turn can affect the
overall operational readiness of a unit.
Two scenarios are evaluated using the simulation. The
first employs the concept of all maintenance being conducted
at the DS maintenance company with no fix forward
cabability. The second run utilizes the same total numbers
of mechanics and repair parts but has two forward support
maintenance teams fixing forward. The objective of the anal-
ysis is to determine the difference in total number of vehi-
cles repaired and returned over time for these two
maintenance concepts. A selected sample of the output
generated from these runs is given in Figures 5. 1 to 5. 12.
B. RECOVER AND REPAIR CONCEPT OF MAINTENANCE
The output for this concept of maintenance is contained
in Figures 5. 1 to 5. 5. Figure 5. 1 shows the initial time
period of the model. The initial damages were assessed and
as can be seen there are no repair jobs under repair at the
two forward support maintenance teams. Figure 5. 2 shows
those damages incurred by the two forward battalions in an
evacuated status, and the eventual receipt of the evacuated
jobs from the 1st Bn MST by the DS company at time period
seven. The evacuation time set for these runs were six hours
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from the 1st battalion and four hours from the second
battalion. In order to check the accuracy of the algorithms
and routines in the model itself, Figures 5. 3 to 5. 6 were
included. From these one can track the change in status over
a single time step. Tracking tank engines from time periods
6 to 7 shows that at time period 6 there were 0. 95 tanks
under repair for engines. In Figure 5. 4 we see that the DS
company has received no repair jobs for engines from the 1st
battalion and 0. 70 repair jobs from the 2nd battalion. From
the models empirical probability density function we know
that tank engines will be damaged with a probability of
0. 06353. At time step seven the data input to the model for
total tank damages for the DS maintenance company was 17
vehicles. Therefore new engine damages for the DS company at
time period seven should equal (17 x 0.06353)+ .00 + 0.70 =
1. 78. This is represented under the new damages column in
Figure 5. 5 for time period seven. This shows that the evacu-
ation routines work correctly and that evacuated equipment
from the two forward battalions are being added to the
maintenance queues of the DS company.
The under repair columns from these two time periods
show that at time six there were 0. 95 engines under repair.
At time period seven there were a total of 0. 06 repairs
completed on tank engines. This would then equate to a total
of 0.89 engine repair jobs from earlier time periods still
under repair. If the 1. 78 new damages as listed under the
new damages column are added, the new under repair total is
2. 67. This is what is indicated at time period seven. ( see
Figure 5. 4)
Figure 5. 6 shows the results after the 15th time step,
which was the final time step in this simulation and Figure
5. 13 shows the final totals of repair jobs completed. This
figure will be discussed in more detail after the fix
forward concept is presented.
54
C. FIX FORWARD CONCEPT OF MAINTENANCE
The second run of MRM investigated the fix forward
concept of maintenance. The same number of mechanics and
repair parts were utilized, however, two maintenance support
teams were sent forward with the forward combat battalions.
Figures 5. 6 to 5.9 show the same time steps as shown for the
recover and repair simulation.
Figure 5. 6 shows the initial time step of the simula-
tion. As can be seen, all three maintenance elements have
repair jobs in the under repair status. Figure 5. 7 shows the
three elements at time period six. Both forward maintenance
units have repair jobs waiting mechanics, but as can be seen
from Figure 5.7, the only type of repair job that has
exceeded the allowable workload level is the electrical
system repairs. The same analysis of time period seven as
was done for the recover and repair simulation shows that
all the algorithms and routines are functioning correctly.
The input stream for this run was identical to the recover
and repair simulation. A Check' of the new damages to the
'tank engines in the DS company shows that the only differ-
ence between the two runs was the repair jobs that were
evacuated from the forward maintenance teams in the recover
and repair simulation. Figure 5. 10 shows the results of time
period seven and Figure 5. 11 shows the final time step in
the fix forward simulation.
D. OVERALL RESULTS OF THE TWO SIMULATIONS
The major objective of the analysis was to determine if
there is any difference in the relative maintenance effec-
tiveness of these two different concepts of maintenance
support. Figure 5. 12 shows the total repairs completed by
each concept as of the final time step. Summing the total
repair jobs across all the components gives a total of
73. 42 tanks under the recover and repair concept and 105. 11
tanks under the fix forward concept.
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Analysis of the data was done to investigate these
results. Figures 5. 12 to 5. 13 show the total results from
these two runs in the categories of total repairs completed,
mechanics remaining at each time step, and the number of
tanks waiting mechanics at each time step. Figures 5. 14 to
5. 17 show a breakout of the mechanic categories by mechanic
type. Each of these Figures show a significant change at
time period seven. Analysis of the data input for this time
period indicated that there was a large influx of damaged
equipment at that point.
Figure 5. 10 shows the repair totals in each of the two
runs over the fifteen time steps. The first repairs are
completed at time period three. From time periods three
through eight, the slope of the total repair curve is
greater for the fix forward concept than for the recover and
repair concept. This indicates a repair lag resulting from
the evacuation time lag. At time period eight this initial
lag has been overcome and the slope of the total repair
curves for both concepts are approximately equal. This
result was surprising. The a priori postulate was that as
the evacuation lag was overcome the repair total for the
recover and repair concept would be greater than the fix
forward concept because of increased economies of scale.
With the consolidation of all the mechanics in one element
it was felt that total repair rate would increase. The model
results indicated that this is not neccessarily the case.
Although the evacuation lag was overcome, the difference in
total repairs for each concept remained essentially
constant. With the total number of mechanics being equal in
both runs the number of tanks which can be put in an under
repair status has an upper limit. This limit is attained
when all available mechanics are repairing vehicles.
Regardless of where the mechanics are located they cannot
repair and return vehicles at any faster rate. If this
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saturation is realized then there will be little difference
in the repair rates of the two concepts.
Figures 5.18' and 5.19 give the total number of tanks
under repair and in an evacuated status. The evacuated
totals for the recover and repair concept are much larger
than for the fix forward concept as expected. The difference
between these curves is the total number of tanks that are
unavailable for repair because they are in transit between
the forward and rear elements. In contrasting the waiting
mechanics graph (Figure 5.13) and the evacuation graph
(Figure 5.19) we can see the tradeoff between the two main-
tenance concepts. As an example, at time period 7 the number
of tanks waiting mechanics is approximately 48 for the fix
forward concept. For the recover and repair concept the
number of tanks evacuated at this same time step is approxi-
mately 55 more than the fix forward concept. This indicates
that these tanks are going to be placed in one of two
queues; either evacuated or waiting mechanics. In the
recover and repair concept evacuation time is uncontrolled.
It depends on the relative position of the maintenance
elements and the combat elements on the battlefield. In the
fix forward concept the number of mechanics in each forward
element can be changed which could result in a lessening of
the waiting mechanics queues in them. As a result MRM can
assist us in deciding on an optimal mix of assets between
the forward elements and the rear DS company.
Figures 5. 11 through 5. 17 show the total mechanics
remaining at each time step, the total tanks waiting
mechanics at each time step and a breakout of each of these
categories by mechanic type.
Figure 5. 12 shows the mechanics remaining at each time
step. From this Figure we can see that, initially, the
recover and repair concept has a lot of mechanics not being
utilized. It is not until the evacuation lag has been
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overcome that the difference between mechanics remaining
under the two concepts decreases. When this Figure and the
total repair Figure are compared, it indicates that the fix
forward concept of repair tends to provide a more efficient
initial utilization of mechanics.
Figure 5. 13 shows the number of tanks that are waiting
mechanics at each time step. This Figure indicates that the
relative number of vehicles waiting mechanics is greater for
the fix forward concept. This is a result caused by the
relative size of the fix forward teams. It can be seen from
the Figure that the recover and repair concept has an
increase in jobs waiting mechanics beginning at time period
11 which results from the evacuation lag. At time period
seven, when there was a significant increase in damaged
vehicles, there were many vehicles placed in a waiting
mechanics status in the forward elements. Those repairs jobs
in the recover and repair concept were all evacuated and
arrived at the rear DS company between time periods eleven
and thirteen. Due to the greater number of mechanics consol-
idated in one element in the recover and repair concept, the
relative magnitude of the waiting mechanics queue was
smaller.
Figures 5. 14 to 5. 17 show a breakout by mechanic type
for the two categories discussed above. These were included
to show that although the graphs show mechanics remaining,
those mechanics cannot repair all damages. Specific short-
ages which drove the total waiting mechanics Figure were in
all categories in the fix forward concept and in the elec-
trical mechanic in the recover and repair concept. This
would indicate that either an increase in the numbers of
these mechanics is required or a different mix of fix
forward assets and rear area assets is needed.
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E. SUMMARY
Chapters 4 and 5 have focused on the tank routine as an
example. There are however four separate, interrelated
routines that also deal with the armored personnel carriers,
artillery pieces and wheeled vehicles. The tank routines
were the only ones shown in this thesis for brevity. The
other routines are identical except for the empirical
probability density functions discussed in chapter three.
Overall MRM has provided information and data relative
to the two maintenance concepts being investigated. It
provides the user with the ability to assess the final
results of a maintenance concept in order to help him decide
which concept to use. Upon final integration with the
Airland Research Model this maintenance module will provide
a realistic simulation of the repair and return of damaged
combat vehicles in any scenario.
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1ST BN MA INT SPT TEAM TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 64 0. 00 0. 00 0. 00 0. 00 99. 36
XMN
XFR
0. 87 0. 00 0. 00 0. 00 0. 00 59. 13
0. 59 0. 00 0. 00 0. 00 0. 00 29. 41
TRK 3. 20 0. 00 0. 00 0. 00 0. 00 56. 80
FCN 0. 87 0. 00 0. 00 0. 00 0. 00 29. 13
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 04 0. 00 0. 00 0. 00 0. 00 28. 96
ELE 1. 15 0. 00 0. 00 0. 00 0. 00 18. 85
2ND BN MA INT SPT TEAM TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 51 0. 00 0. 00 0. 00 0. 00 99. 49
XMN 0. 70 0. 00 0. 00 0. 00 0. 00 59. 30
XFR 0. 47 0. 00 0. 00 0. 00 0. 00 29. 53
TRK 2. 56 n. 00 0. 00 0. 00 0. 00 57. 44
FCN 0. 70 0. 00 0. 00 0. 00 0. 00 29. 30 .
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 0. 83. 0. 00 0. 00 0. 00 0. 00 29. 17
ELE 0. 92 0. 00 0. 00 0. 00 0. 00 19. 08
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 95 0. 95 0. 00 0. 00 0. 00 99. 05
XMN 1. 31 1. 31 0. 00 0. 00 0. 00 58. 69
XFR 0. 87 0. 87 0. 00 0. 00 0. 00 29. 13
TRK 4. 80 4. 80 0. 00 0. 00 0. 00 75. 20
FCN 1. 31 1. 31 0. 00 0. 00 0. 00 28. 69
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 55 1. 55 0. 00 0. 00 0. 00 28. 45
ELE 1. 73 1. 73 0. 00 0. 00 0. 00 18. 27
Figure 5. 1 Recover and Repair Time Step 1.
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TIME= 1. 00 HRS
EVACUATED EVACUATED RECEIVED BY RECEIVED BY
FROM FROM DS FROM DS FROM
1ST BN 2ND BN 1ST BN 2ND BN
(EN ROUTE) (EN ROUTE) AT THIS TIME AT THIS TIME
ENG 0. 64 0. 51 0. 00 0. 00
XMN 0. 87 0. 70 0. 00 0. 00
XFR 0. 59 0. 47 0. 00 0. 00
FDR 0. 00 0. 00 0. 00 0. 00
TRK 3.20 2. 56 0. 00 0. 00
FCN 0.87 0. 70 0. 00 0. 00
ARM 1. 04 0. 83 0. 00 0. 00
ELE 1. 15 0. 92 0. 00 0. 00
TIME= 7. 00 HRS
EVACUATED EVACUATED RECEIVED BY RECEIVED BY
FROM FROM DS FROM DS FROM
1ST BN 2ND BN 1ST BN 2ND BN
( EN ROUTE
)
(EN ROUTE) AT THIS TIME AT THIS TIME
ENG 3. 56 2. 35 0. 64 0. 13
XMN 4. 88 3.22 0. 87 0. 17
XFR 3. 29 2. 18 0. 59 0. 12
FDR 0. 00 0. 00 0. 00 0. 00
TRK 17. 92 11. 84 3. 20 0. 64
FCN 4. 88 3. 22 0. 87 0. 17
ARM 5. 80 3. 83 1. 04 0. 21
ELE 6. 46 4. 27 1. 15 0. 23
Figure 5. 2 Recover and Repair Evacuation Example.
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1ST BN MAINT SPT TEAM TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0.57 0.00 0.00 0.00
XMN 0. 78 0. 00 0. 00 0. 00
XFR 0. 53 0. 00 0. 00 0. 00
TRK 2.88 0.00 0.00 0.00
FCN 0. 78 0. 00 0. 00 0. 00
FDR 0. 00 0. 00 0. 00 0. 00
ARM 0. 93 0. 00 0. 00 0. 00
ELE 1. 04 0. 00 0. 00 0. 00
0. 00 98. 09
0. 00 57. 39
0. 00 28. 24
0. 00 50. 40
0. 00 27. 39
0. 00 50. 00
0. 00 26. 89
0. 00 16. 54
2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 44 0. 00 0. 00 0. 00
XMN 0.61 0.00 0.00 0.00
XFR 0.41 0.00 0.00 0.00
TRK 2.24 0.00 0.00 0.00
FCN 0. 61 0. 00 0. 00 0. 00
FDR 0.00 0.00 0.00 0.00
ARM 0. 72 0. 00 0. 00 0. 00
ELE 0. 81 0. 00 0. 00 0. 00
0. 00 97. 97
0. 00 57. 21
0. 00 28. 12
0. 00 49. 76
0. 00 27. 21
0. 00 50. 00
0. 00 26. 69
0. 00 16. 31
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 76 0. 95 0. 00 0. 00 0. 19 97. 33
XMN 1. 04 1. 31 0. 00 0. 00 0. 26 56. 34
XFR 0. 70 0. 88 0. 00 0. 00 0. 17 27. 55
TRK 3. 84 13. 44 0. 00 0. 00 0. 00 66. 56
FCN 1. 04 1. 31 0. 00 0. 00 0. 26 26. 34
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 24 2. 80 0. 00 0. 00 1. 55 25. 65
ELE 1. 38 4. 84 0. 00 0. 00 0. 00 15. 16
Figure 5. 3 Recover and Repair Time Step 6.
62
1ST BN MA INT SPT TEAM 'rANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 2. 29 0. 00 0. 00 0. 00 0. 00 95. 81
XMN 3. 13 0. 00 0. 00 0. 00 0. 00 54. 25
XFR 2. 12 0. 00 0. 00 0. 00 0. 00 26. 12
TRK 11. 52 0. 00 0. 00 0. 00 0. 00 38. 88
FCN 3. 13 0. 00 0. 00 0. 00 0. 00 24. 25
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 3. 73 0. 00 0. 00 0. 00 0. 00 23. 17
ELE 4. 15 0. 00 0. 00 0. 00 0. 00 12. 39
2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 1
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 1. 65 0. 00 0. 00 0. 00 0. 00 96. 32
XMN 2. 26 0. 00 0. 00 0. 00 0. 00 54. 95
XFR 1. 53 0. 00 0. 00 0. 00 0. 00 26. 59
TRK 8. 32 0. 00 0. 00 0. 00 0. 00 41. 44
FCN 2. 26 0. 00 0. 00 0. 00 0. 00 24. 95
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 2. 69 0. 00 0. 00 0. 00 0. 00 24. 00
ELE 3. 00 0. 00 0. 00 0. 00 0. 00 13. 31
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 1. 78 2. 67 0. 00 0. 00 0. 06 95. 55
XMN 2. 44 3. 66 0. 00 0. 00 0. 09 53. 91
XFR 1. 64 2. 46 0. 00 0. 00 0. 06 25. 91
TRK 8. 96 22. 40 0. 00 0. 00 0. 00 57. 60
FCN 2. 44 3. 66 0. 00 0. 00 0. 09 23. 91
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 2. 90 4. 76 0. 00 0. 00 0. 93 ?.?.. 75
ELE 3. 23 8. 07 0. 00 0. 00 0. 00 11. 93
_
Figure 5. 4 Recover and Repair Time Step 7.
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1ST BN MAINT SPT TEAM TANK STATUS REPORT AS OF 15. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 70 0. 00 0. 00 0. 00 0. 00 93. 46
XMN 0. 96 0. 00 0. 00 0. 00 0. 00 51. 03
XFR 0. 65 0. 00 0. 00 0. 00 0. 00 23. 94
TRK 3. 52 0. 00 0. 00 0. 00 0. 00 27. 04
FCN 0. 96 0. 00 0. 00 0. 00 0. 00 21. 03
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 14 0. 00 0. 00 0. 00 0. 00 19. 34
ELE 1. 27 0. 00 0. 00 0. 00 0. 00 8. 13
2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 15. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 70 0. 00 0. 00 0. 00 0. 00 94. 16
XMN 0. 96 0. 00 0. 00 0. 00 0. 00 51. 99
XFR 0. 65 • 0. 00 0. 00 0. 00 0. 00 24. 59
TRK 3. 52 0. 00 0. 00 0. 00 0. 00 30. 56
FCN 0. 96 0. 00 0. 00 0. 00 0. 00 21. 99
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 14 0. 00 0. 00 0. 00 0. 00 20. 48
ELE 1.27 0. 00 0. 00 0. 00 0. 00 9. 39
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 15 . 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 1. 65 4. 07 0. 00 1. 65 2. 03 84. 56
XMN 2. 26 5. 57 0. 00 2. 26 2. 79 38. 84
XFR 1. 52 3. 76 0. 00 1. 52 1. 88 15. 75
TRK 8. 32 58. 24 0. 00 10. 87 0. 96 2. 24
FCN 2. 26 7. 84 0. 00 0. 00 2. 79 8. 84
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 2. 69 13. 77 0. 00 0. 00 0. 31 4. 84
ELE 3. 00 10. 00 8. 02 1. 93 3. 23 0. 00
Figure 5.5 Recover and Repair Final Time Step (15)
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1ST BN MAINT SPT TEAM TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND








0. 87 0. 87 0. 00 0. 00
0. 59 0. 59 0. 00 0. 00
3. 20 3. 20 0. 00 0. 00
0. 87 0. 87 0. 00 0. 00
0. 00 0. 00 0. 00 0. 00
1. 04 1. 04 0. 00 0. 00
1. 15 1. 15 0. 00 0. 00
0. 00 99. 36
0. 00 59. 13
0. 00 29. 41
0. 00 56. 80
0. 00 29. 13
0. 00 50. 00
0. 00 28. 96
0. 00 18. 85
2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0.51 0.51 0.00 0.00
XMN 0. 70 0. 70 0. 00 0. 00
XFR 0. 47 0. 47 0. 00 0. 00
TRK 2.56 2.56 0.00 0.00
FCN 0. 70 0. 70 0. 00 0. 00
FDR 0. 00 0. 00 0. 00 0. 00
ARM 0. 83 0. 83 0. 00 0. 00
ELE 0. 92 0. 92 0. 00 0. 00
0. 00 99. 49
0. 00 59. 30
0. 00 29. 53
0. 00 57. 44
0. 00 29. 30
0. 00 50. 00
0. 00 29. 17
0. 00 19. 08
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 1. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 95 0. 95 0. 00 0. 00 0. 00 99. 05
XMN 1. 31 1. 31 0. 00 0. 00 0. 00 58. 69
XFR 0. 87 0. 87 0. 00 0. 00 0. 00 29. 13
TRK 4. 80 4. 80 0. 00 0. 00 0. 00 75. 20
FCN 1. 31 1. 31 0. 00 0. 00 0. 00 28. 69
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 55 1. 55 0. 00 0. 00 0. 00 28. 45
ELE 1. 73 1. 73 0. 00 0. 00 0. 00 18. 27
Figure 5. 6 Fix Forward Time Step 1.
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•1ST BN MA INT SPT TEAM TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 57 0. 89 0. 00 0. 00 0. 06 98. 09
XMN 0. 78 1. 22 0. 00 0. 00 0. 09 57. 39
XFR 0. 53 0. 82 0. 00 0. 00 0. 06 28. 24
TRK 2. 88 9. 60 0. 00 0. 00 0. 00 50. 40
FCN 0. 78 1. 22 0. 00 0. 00 0. 09 27. 39
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 0. 93 2. 07 0. 00 0. 00 1. 04 26. 89
ELE 1. 04 2. 50 0. 00 0. 96 0. 00 16. 54
2ND BN MA INT SPT TEAM TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 44 0. 70 0. 00 0. 00 0. 13 97. 97
XMN 0. 61 0. 96 0. 00 0. 00 0. 17 57. 21
XFR 0. 41 0. 65 0. 00 0. 00 0. 12 28. 12
TRK 2. 24 10. 24 0. 00 0. 00 0. 00 49. 76
FCN 0. 61 1. 29 0. 00 0. 00 0. 00 27. 21
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 0. 72 2. 48 0. 00 0. 00 0. 83 26. 69
ELE 0. 81 2. 50 0. 00 1. 19 0. 00 16. 31
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 6. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 0. 25 0. 44 0. 00 0. 00 0. 19 97. 84
XMN 0. 35 0. 61 0. 00 0. 00 0. 26 57. 04
XFR 0. 23 0. 41 0. 00 0. 00 0. 17 28. 02
TRK 1. 28 10. 88 0. 00 0. 00 0. 00 69. 12
FCN 0. 35 0. 61 0. 00 0. 00 0. 26 27. 04
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 0. 41 1. 97 0. 00 0. 00 1. 55 26. 48
ELE 0. 46 3. 92 0. 00 0. 00 0. 00 16. 08
Figure 5. 7 Fix Forward Time Step 6.
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1ST BN MA INT SPT TEAM TANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND!
ENG 2. 29 2. 08 0. 00 0. 97 0. 13 95. 81
XMN 3. 13 1. 04 0. 00 3. 13 0. 17 54. 25
XFR 2. 12 0. 71 0. 00 2. 12 0. 12 26. 12
TRK 11. 52 9. 60 0. 00 3. 62 0. 00 38. 88
FCN 3. 13 1. 50 0. 00 2. 40 0. 17 24. 25
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 3. 73 2. 50 0. 00 2. 22 0. 52 23. 17
ELE 4. 15 2. 50 0. 00 1. 25 0. 00 12. 39
2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 1. 65 2. 16 0. 00 0. 00 0. 19 96. 32
XMN 2. 26 0. 85 0. 00 2. 11 0. 26 54. 95
XFR 1. 53 0. 47 0. 00 1. 53 0. 18 26. 59
TRK 8. 32 10. 24 0. 00 4. 18 0. 00 41. 44
FCN 2. 26 1. 50 0. 00 1. 46 0. 59 24. 95
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 2. 69 2. 50 0. 00 1. 54 1. 14 24. 00
ELE 3. 00 2. 50 0. 00 1. 25 0. 00 13. 31
DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 7. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND
ENG 1. 08 1. 46 0. 00 0. 00 0. 06 96. 76
XMN 1. 48 2. 00 0. 00 0. 00 0. 09 55. 56
XFR 0. 99 1. 34 0. 00 0. 00 0. 06 27. 03
TRK 5. 44 16. 32 0. 00 0. 00 0. 00 63. 68
FCN 1. 48 2. 00 0. 00 0. 00 0. 09 25. 56
FDR 0. 00 0. 00 0. 00 0. 00 0. 00 50. 00
ARM 1. 76 2. 80 0. 00 0. 00 0. 93 24. 72
ELE 1. 96 5. 00 0. 00 0. 88 0. 00 14. 12
•
Figure 5. 8 Fix Forward Time Step 7.
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1ST BN MAINT SPT TEAM TANK STATUS REPORT AS OF 15.00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS









0. 70 0. 00 0. 00 2. 35
0. 96 0. 00 0. 00 3. 22
0. 65 1. 44 0. 00 2. 18
3. 52 13. 56 0. 00 0. 44
0. 96 1. 50 0. 00 0. 79
0. 00 0. 00 0. 00 0. 00
1. 14 2. 50 0. 00 1. 79

























2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 15. 00 HRS
SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS









0. 70 0. 57 0. 00
0. 96 0. 78 0. 00
0. 65 0. 53 0. 00
3. 52 11. 94 0. 00
0. 96 1. 50 0. 00
0. 00 0. 00 0. 00
1. 14 2. 50 0. 00

























DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 15.00 HRS
SYSTEM NEW
DAMAGES
UNDER WAITING WAITING REPAIRS PARTS









































0. 19 94. 09
0. 26 51. 90
0. 17 24. 58
0. 96 29. 28
0. 26 20. 84
0. 00 50. 00
0. 10 18. 44
1. 08 0. 06
Figure 5.9 Fix Forward Final Time Step (15)
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TIME= 15. 00 HRS
TOTAL REPAIRS COMPLETED AS OF THIS TIME BY EACH
MAINTENANCE ELEMENT









0. 00 9. 72
0. 00 13. 32
0. 00 8. 96
0. 00 0. 00
0. 00 8. 64
0. 00 13. 32
0. 00 11. 39
0. 00 8. 07
TIME= 15. 00 HRS
SYSTEM_ 1ST BN MST* ~2ND~BN~MST~ "5s"mAINt"co"
ENG 4.19 3.68 ~4~70XMN 5.75 5.05 6 44XFR 2.44 3 41 4 32
TRK §•?§ g. 00 0.00
*™ ui m i-tiARM 4.67 5.00 7 14ELE 2.50 2.50 5. 00
Figure 5. 10 Final Totals of Both Concepts.
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Figure 5. 11 Total Repairs.
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Figure 5. 12 Total Mechanics Remaining.
71
o* oe 03 OL
S3INVH33W 0NI1IVM S>1NV1 JO d38WON







































































i | i i










































08 09 0* 02
DNINIVN3U S3INVH02W


























Z a:O < z<











Ld •" UJ ^+ <*
<
en x




















Ul2 / J/ /
Z < f-Ul N I2






> J -/ yS
oz 9i ot g o
9NINIWGU S0INVH03N



















































































































































"\ ^2 u. ^x^










Ld a: <O ^ 01 8 9 * 3
















































- i" i i i • .19*30
0NINIVW3U S0INVH33W






























































. > . N
UJ
00
00 L 08 09 Ot
S3ioiH3A jo a3aw"nN 1V101
02








































































q: * o \
? < \









V X V X X
X V X

































Z T3(0 oM CD-H 2H -P^ fa
co a> aj <
J (US
CD
o < as z2 « (D-P i-h Enwo <u o
CM O .Qr-I W
fa fa rH Pm 03
•*q fa w cd >h w
« .CO HI2 CD ^ H




-PT3 iJ »-h co co co ro n
U U QO .....
CDTJ ih 2fa O O O O O
(Q pj ffl < *****
aj W ffipi ^ ^ ^ ^ ^
M > W cs cs cs cs cs
•HTJ 2Q O 2 fa fa 2
rG<U fa Ofa 2 2 fa Q UPN O O fa X X fa fa
•H JU H H En H H
"+H-H PS <fa + + + + +
O f(J W l-l pH rH rH iH iH2 hC Pj Enfa O 2 fa fa ZO -PO 2 hQJ 2 2 fa Q U
hh >tn-H D 2Eh fa X X fa faH PGP 2 i-h EH^fH^EH
< -H-H (fl W + + + + +N ^ h w WO co co ro ro ro
hh oc3 m oa o 2 fa fa 2
•J 'nog Eh O H2 O 2 2 fa Q U
< aJ-H-H . O -OOWOOOXOOOXOOOfaOOOfaOOO
t-H EPiO W cs Wh O . -Eh • . -Eh . • -Eh . • -Eh . . .Eh • . .
Eh U Pi ko piEn OOOwOOOwOOOwOOOwOOOwOOO
m CD CD co < iH << rH^f^ || vococo II corses II locscn II corses II cocscs2 Xi cq.h II J II II II fa II II II fa II II II fa II II II fa II II II fa II II IIM EH ,£ W CO WD COiHCSfaCOrHCSfaCOiHCSfaCOiHCSfaCOiHCSfaCOrHCS
W-P CO fa COO 00002:222fafafafafafafafa2222222
•H W 2 WJ 22Z22222fafaWWPQQQOUUUfaDifa
,GG K < E< WWWWXXXXXXXXfafaWWfaWfaW<<<





















n n co ZEh
• • • <
o o o acw
* * * Offi
*~1 «»^ .—». UH
CM CM cm 2
s w ^ Pi
pi J Pi WO
< w EH OW
H Eh H
+ + + oiw
rH rH rH WOi2 W ^ CQD
Pi J 05 SOOOO
< W EH Pffi • • •
H Eh Eh 22000
+ + + <CT>^^
n m oo US II II II
s w N«" ffi OOrHCM'
pi J Pi H2UUU
<ooowoc HWldU
£H • • • cH • . -En W 22S
wOOO-wOOO^ OiQ<<<
|| CMrHrH || <#CMCM II «EhEhEh
Pm II II II PUll II II P-4 O
pi oo in cm pin <-i cm pi WJSWWWW^^^^ 03 ^i












. . .OO . .
ooo . .coco
cNcsji-ir-t^-cNCN






















































II II II II
Pi Pi tn Pi2H22222Pi222h
xxxx
CM v£> CM CO













II ll ll ll ll
EOS aSEQi
PSZZZ2





II II II II II

















































































Q f-H i—I rH r-l rH rH rH i—I CO CO 00 CO CO
^QQQQQQQQQQQQQ
*«^-l HM HH ^M ^M H-H HH H^M ^M ^M HS ^M HH ^M
<ZZZZZZZZZZZZZ
—
tn Eh EnH Eh EhHHH Eh EhHH























* * * *
CNCNCNCNQQQQ
ZZZZ
Eh Eh Eh Eh









































n P GO) ^^ ^
S d) <D,Q OS &^^S 2 S
§ P3 O2 2
Eh <1)-P W X




$4 £ . --» £T ^ S"2 OT3 W 2 ^ ^ -o 2 X ^
< P 0>-P W ^^'•"t I <D W >^~i 1H OPG ffi r-I^QS n K rH*^Di
+ CO Md)il) H^Oi^C) •H En-'^Oi^^O
*Om(7>pH W ^Hg 'S^DrHZ ca ^WDHS
OincsQ D ^M W-W-2PSW a W>wS0iX
t^coinfc4 W en TJ SrHWOSEH 0) SrH^OiEH
oooo.h2 D to o o 0) kh0C!Eh2^ n h-.p^Eh2—OOHH< CX (DUG b EhD i W + HD i X +
... .EH iH -H •H •2EHEHrHO co .2EhEh<hOOOOOs^ 2 OG fd UWH+U . c WXrH + Q .
* * * * 1 PS >i<DT3 2 Q, jehos-hwo o JEHOirHWO
CNCNKNCMCO D O <DG W 0) .11 DEHSII •H .11 DEhSIIQQQQ^ H •Q«J ffi 2 n ^—WPi<^ (A ^—XDi<—
,-alt i-i-t *^M »-M ^-i W H t^^EHWEH^ W ^^Eh^Eh^:ZZZ2< « c a>n ^-v iH 0) ^-—11 EH II ^
—
•H -w—.11 Eh II -w
<<<<Eh O >-H HO II 0) i—If—tE-H II r-lrH s rHrHEH II rHrH W
HHEhEh^- Q •H a! ra •o « G EHCCirHiHOOi <n E-IOirHr-lUa; HH
li II II II II "Z p^a OM« H OSDSOSEhWD C OiaiD^EHWD
CSCNCNCNJCC; <c o a> W Wro tP ZZDQS22 W ca SSDOiSS QQQQQO 0) <nu •O rHt-lCT> C WWWW<W i-h n Ps Ps Ps »^S **Xi ?S ^-(OSZSWX (4 uXi T)EhW i en 0) Eh Eh Eh Eh Eh EhW p EhEhEhEhEhEhWWQUOiJZ t-H on ^ CO^Q ^ COQ >— COWW<W< < OTt-iO) WOJII 20 ^ kJ J2 X W J
HHEhEhH P4 •H TJ nOWZfc c HH WW c M WW ^5-iC ca ca




OS cs PS SZ
fa Q Pd u
X fa H fa
H H H EH •a
* * * * CD
<"—
s
<~» *-»» ^"s 5-i
^ i*I *-» t4 ^ *; -> *; •H ^s
z w w Z « w z *; w Z * w (TJ Z fc4W n-^-~i I W >^*i < W w-i I Tl fa ^^—1 1 Ph fa w—
ffi rH»"DOi TJ K rH^Oj EC rH^OS 0) K rHroCtJ a) K iHl-5
Eh*-*CSwD a) Eh<-*OSwD EH—OiwO 5-1 Eh^"~Oh^-»D 5-1 EH'-Oiw
TJ ^S^DiHfa 5-i ^^Dthq ^S^DrHffJ •H •—^DrHCJ -^DrH
CD UwfaOSX •H WwQCdfa WwPSpSEh <fl WwQPifa s WwJce;
U SrHXOiEH cd Sr-tfaaSH SrHHOiH a SrHWPSEH CD SrHWOS
•H rHQSEHfaw a HHOiHQw t-iccJEHOiw cd rHOiEHUw •P r-tCtJEHl-J
aj HD i X + cd HD i fa + T3 HD i Eh + 5-1 EhD 1 fa + CO HD I W
Q, ttlHEHrHO 5-1 •QHHtHO CD .QiEHEHrHO • UEHEHrHO >i •JEhH
CD WXrH + O • WfarH + O . 5-i WHtH + O . rH WfarH + U • CO WWH +
5-i JHOSrHWO a> JHOirHWO •H JHPirHWO o JHOirHWO JHOtfrH
• II DHSII > .II DHSII (0 .11 DHSII 5-1 .11 DHSII rH • II DEh
CO «—^^£li o£ <=C """*» •H ~>—QoS<-~- a > €hPS<— -P <--~OPSU-- at ^-v^^vJCd
5-1 t4»-DHfaH^ 5-i ^•DEHQH^ CD ^^HHEh^ G ^^>EHOfa^ o M^HJ
cd ww II En II w 73 wwll EH II w )-i wwll EH II w -11 EH II w •H wwll H
<w tHiHEH II rHrH fa rHtHEH || rHrH fa rHrHH II rHrH fa U rHi-HEH II rHrH fa 5-1 ^HrHEHll
co EHpSrHrHOdS i—
i
^-i EHOSrHrHOOS n r* EHPSrHrHOOS h-
1
EHQSrHrHCJaS HH -P EH Cd rHrH
c PS OS OS EhWD «$ OSOSOSHWD U PSPSOSEhWD CD cd Dice;HWD U Chalet; Eh
(0 fafaDOSSfa Q C QQDOiSQ Q aj CdOSDPSSce; Q 5-1 OUDOiSU Q CD juDa;
5-1 XXWfa<X 2 •H fafaQQ<fa Z ^ EhHHEh<H Z H fafaOOOfa Z rH UUJJP HHHHHHHW »W HBHHHHWW -P HHHEhHHWW *4-l Eh Eh EhH fa Eh faW cu HHEhEhw CO w CO w CO w CO ^^,
,* fa J r* fa J ^ fa J ^ fa J X fa
fi m pq C •-• W a HH fa fi •H W c h-
1
aj aj cd (0 «j





















„*-«K *~\ P <-v
OS 06 a> os
2 2 a 2W 2 oJ os P>i Z
W < «JG W
E-t H gcrj H
* * p.a *
*-*. T3 ."-s OS ^-s
« <D >-* X <H — X
i-i Z *I ^ u 2 ^ -
r-\ •H [t] >_•— < ) 03 U «^^^<N
PS flj S rH»-3 0S •HCO ffi CN^>OS
D 0< H'Sti^O £Q H"-*OS^DJ a) —-^Dt-tOS P ^SDcnZ
W h Wwasos< P W^ZOSW
H SrH<PiEH GaJ 2CNUOSH
>^. e hhpSEhpS—* •H (U rHOSHZ-—
+ (D HD i < + u HD i W +
•HO P •OSHHrHO <a •ZHHcnOO • 01 W<rH+U • V <D wwcn + o .
uo >i JHC^HWO OA JHOSCNWO
211 (0 • IIDH2II O-P .11 DH2IIJ^ -—~<OSPS--. ^HiIOS<^W^ -P ^'^H<<<:*; &T3 US^HWH^
II — a wwll EH M — nci w^ll EH II w





G HPScncnOPS mUD (0 OSPSPSHEdD •HCN PSPSPSHWD2J Q £ PSPSDPS20S Q Cfl ZZDPS2Z QJU Z u <<<<OS< 2 EH uwwu<u z
WE-iUW a HHE-iEh<EhUW (DCO HHHHEhHWW
w w en P2 ^ w
J X Cl4 J W J
H G
H









~* fc4 ~ X
Z * ~ s X ^ z
W >_*^<N W >^^SN w





»-hOSH2^ (-HQSHfa^ HHHD i X + HD i X + H
•2HHCNO • CuHEhcmO •UXN+U . UXcm + O • W
JHOSCNWO iJEhpScsWO J
.11 DH2II .11 DH2II •
—
~xps<^ -~^Sii PS <C '"**
^•-)Eh^<Eh^ ^SDE-ituEH^; S"
^wll Eh IIw wwll Eh II w 1 ,
CNCNH II CNCN Cu CMCNEH II CNCN [14 CN
HPSCNCNOPS hH HPSCNCNUPS 1—
1
Eh
OS PS OS EnWD PSPSPSEhCJD PSS2DOS22 Q PuPuDPS2W Q a
Ps Ps Ps Ps ^* Ps 2 X^[xjCi4<CX Z hi
EhEhEhEhEhHUW EhHH Eh EhHWU H
^ C/3 ^ W
by J hi J uT








CN En 05 EH05HQw
ED I E14 +
QE-iHcnjo



























EhD I H +
• OSEhEhcsO






-II EH II —
^




















EhD 1 Eu +
•UEhHcnO









05 05 05 Eh EdDOOD052U















HD 1 Ed +
.JEhEhcnO




— II EH II —
cnc^Eh II <N(N to
Eho5oj<nC_)05 n
05 05 05 En EdDJJDP52J Q
WEdJJiJEd z














HD 1 < +
.OJEhEhcmO






CN<NEH II <N<N to
EhQ5<N<NO05 »-t




















05 05 05 05 05
s 2 s s S
o 2 o5 o5 22 s In Q 05W X X fa H
H H H H H
* K * * *
*••» <«-v ^^ ^-x ^^
-^ fc<5 —« * ~ * ~+ X <-* «




53 co»-)Q5 K cT-^a5
H--s35wD
K co^o5H^05wD H~
^DnZ -S*5Dco2 ^-^Dcota ^DnQ ^-S*;Dcoq5 —14
w205W WwSo5X UwfaoSX fawQ05fa Ww0505H Ww
rotij'05H ZcoXo5H 2coX05H 2cofa05H 2coH05H Soo
tfHZ^ •-<05H2w H05Hklw i-i05HQw i-hq5H05w i-iCd
D i W + HD « X + HD i X + HD l fa + HD I H + HD2HHroO .SHHnO •CnHHcoO •QHHcoO •05HHcoO •O
Wro + O . WXco + U . WXco + U • Wfaco + O • faHco + O • Wfa
H05coc£io JHaScoUO ,JH05coWO JH05coEij'0 ,JH05coWO JH
IIDH2II • II DH2II .11 DHSII .11 DH2II .11 DHSII .11
^«o5<-^ *~-~Xo5<~ ^-^~^ti oi <^ ^^> ~-oas<^ <~.— f i cc5 <C^~^ ^-~~-^hHUH^ UJ>r>HXH« ^•^ehi^eh^: J*«->EhQEh« ^bbhu; ^5^i
wll Eh II w < -II H II w wwll HII w wwll HII w wwll HII w ww











H050505HWD O505Q5HWD 05O5o5HCij-D O5O505HWD 050505HfaD 05052DD522 Q S2D052S Q fafcOOSSfa Q QQDOiSQ a O505DO52:o5 a oowuw<w 2 ?s ?s ?s ?s ^-< Ps 2 XXCufx4<X 2 fafaQQ<fa 2 HHHH<H 2 fafaHHHEhHWW EhHHHEhEhUW EhEhHEhEhEhWW HHHHHHWU HHhHtHHUU HH
CO w CO w CO w CO w CO ,J tl4 J t!4 J [14 J fa J fa











































05 *o; peS > w
2 s 2 0)2 w 2 .-l<4H S-iO j p^ U-H-H
to w < >i as
H H H OOQ,
* * * c a) w
^-v *-N ^-N •H 5-1 u
—
» i4 ^ « — t4 -PS •H
^ ^ 2 ^ — 2 ^ ^ oj }-i J-i G
05
m^oi ffi n^>csi ffi cT^oS -P-PT3 A
Pi^O Eh—<*;<~D Eh-^OJ—D <U CJ UDnU ^DnJ '-S^DfODi CO ra-O 3 0)
CJOito IdwJtfld w>_aioi< to <D e
toOiEH ScowoSEh 2n<oiH D fl GHU^ i-iqSEHiJ^- HHOiEHOiw to •h o aj &
1 to + HD i W + EhD i < + D P-P cHHcoO •JHHtoO • oiE-iE-imo CX 3 O H
co + U . totoro + U . W<m + • O >*P P
cdmwo JEhoSooWO JEnaSrotoO o 5-i-P 2 •H
DHSII .11 ^DHSII • IIDHSII n •H S-i to 05OCCU— ^^vJDiiJ^ >~-<tfa;-— 2 <d.-h a) B J 5
HUfeM ^•-JEHuJW^ ^^Eh«^ < ^•HlH EH
II E—• II — wwll H II — w—ll HII w ffi •PI3 W •-* rH w
E—• II com to cocoEh II coco to ronH II nn to U aj a r-liH || 0)
mcoOQH m EHftinroCJOi m HCdnroUCc; h-
1
to to .-1 0} •O ^ C
OSEhWD OiPSpSEHtoD PSQSOSEhWD D s <D-H 5-1 OW1 •H
DtfSO Q JJDtfSJ Q PSOSDPSSOS Q 2 5-1 OJ+J to toi-t C5>OOOto 2 WUJJ.JW 2 <<<<(£< 2 HH o 05 > •O i-lnC7» cHHtuHWU HHHHWHWW EhHEhH<HWW EH 2 0SG »->EhW 1 CT> 0)
CO •^ CO >— CO 2 -H <D 05 w CO^QJ to J to J o Eh I0OU toOJ II 20 ^














o o o o
Eh H H H




<«•* ^•-H^ ^s ^HH-4




rH SPSS rH 2KS
s 3\3: s 3\33 Z^-Z 3 S^SZ ~ w^;w S ~ ?S ^H ?S
w « EHwtH X ^ HwH
Eh — v^Hs^ (0 H w v-^H^.-'
+ rHtH + S I u + iHrH + S i
-S2 ^2~ •H ^SS ^s^
^22 ^Z« fi rH •^S3 ^s^
iH >-WS —Ww (0 U wXS wX>- WO r-tHW hHh ^ zw~ r-lHX i-HHrH U
u ZttiHH Di~S o us ZtfHH Pi«^S •H22 WD i i P i 3 <D E< WD I i D i 3 flU< OCZrHHO ZHZ s PES HH KSrHHO SHS aJ
Ztf eh HUGH . WHW s —
\
HXUrH . XrHXW2 H\ '-hwso HSH ^ ZZ OrH -~HWSO HSH u Z
xo ^~1—
1
Oil S3: II II 3 II O a US •s Oil S3 II II 3 II O a) WHZ OS .—<W—» ^-w* • H £X OS rn .^<x^ *-«-* • e ffi
^W •z iHi-oEhEh^ •^H^O -P HH •X o h^HHM ^H^O HOH Otd o .w|| || w -.11 —II •H -—
K
HEn rH •wll II -w- wll wll ^
.* •H o WfHrHEH»H rHEHrHrH <U O^ OH WrHi-HEH<H rHHiHiH c OO^ HH rH JOiOrHS tfrHSO > •^ .11 o JQSO<HS DirHSO •H #
.64 O Oil •DUS3 PS3W Ow cHO H .DWS3 DS3U -P oH~ O •O o OZS3Z Z3ZS w .pH Oh OSS3S S3SS •H ,
O-H rH rHf-l H MW<WW uuw< C EhS UH o hhX<CXX XXX< (« H
•S OH WEhHEhEhH HHHH o 03 S< OWE- HiriHH 5 O
^3 O W< o t—i<J W •H •S <PS i-h<; W .
U.'Z EH SPi O K W w CO <~S3 rH H b: 1 OS fa rH CO
wW < Q— en q CO u:h O — W I Q— W Q u 2"HH O H K 1 Ztn J Z •H —II r-i w i_: 1 Zfa J z OJS II Ok. 1 WM W S i-HrH M tt 1 Wh w <4H rH
3rH MW iJ 1 en ss O to S22K1 t-i C£ 1 a 3S H C 3UZKl Q (0 sx pci aJ fa
HUi-:1 Z u XH O t—
1
^ X

















o o o o
Eh EH H H





^-K «H« *~* *Sr-.^
M —*H— ^ —Eh—
i-Hi<rH «^ i-H<rH
rH 2PS22\2 rH2 2PS22\2
J2 W—
W
2 PS—PSW —•. XI^X PS — Eh^SEh
X U En—Eh H ^ Eh—Eh
H — «w«H.— H — —«H—
»
+ rHrH + 2 i + rHrH + 2 i
—22 -~2— —22 ^5—
^2 nwu: -0PS2 •DOSW U





53 WD I 1 D I 2 w WD I I D i 2 ^
Pi H EWrHEHO WHW CO PS K ECPSiHEhO PS Eh PS U PS
HXOrH . XrHX u 2 EH HHUH . EHrHEH CD 22 O «~£hW20 Eh2Eh •H 2^ ^-v —fHWSO H2H £ 2PS
fa , Oil 22 11 II 2 HO c WPS o O II 22 11 II 2 11 o WQ
X OrH CN .^^|XJ-N *-*4xi*«-» . CTJ EEh .rH .--<CEh-— —€H— . C7 KW
H •U O rnnEHHt^ ^H^SO A H Eh OO rH^HEHNS oEHt^O C EH EH





OS WrHiHE-lrH iHHrHrH (1) O— H2 WrHrHE-l'H rHE-lrHrH -P O—
*s •< o JPSOiH2 PSrH20 £ .i4 o< lJpSOrH2 PSrH20 •H .W
rHEH EH •DW22 D22W Ow •H CO OW22 D22W aj O—
rH u\ OW22W W2W2 tp .rH rH\ CN OPS22PS PS2PS2 5 • rH2 WrH O WXKWX xwx< g Eh2 OrH rH hhEh<EhEh EhEhEh< Eh22 22 OWHE HEhHEh •H 02 W2 HHEhHEh HHEhH CD 02
En <W HS W
-p
.05 2PS O < W > •Q
X CN HX^ 1 a w •H —£h en <EH H PS W M •H —
W
H O —Ehc/: I Q— CO Q aJ ^Eh CN H EH — CO Q 5h ;*seh
II rH WEh^ 1 Stu J S 5 wll r-\ —*H o W J 2 -a — II
rH nil tt 1 Whh W rHrH Wll OWhh rHrH2 o O * 22 O hO i —
i
rH 22
W H n u 2pS EH Ht1 (TJ SQ
X W H as PS Eh w Ehc/: 1 Q G QW
En OH <J Sh Eh Eh on <^ 1 Z •H WHHWO PS -P HHWO Mix 1 w *4H HEhW







o o o o











« wfrHw * wEHw
>_* rH<rH rH<rH
t-H 2Pi2 rH 2Pi22 £\S 2 2\2
s Q—
Q
2 Pi—PiQ — Wt*iW (U ^ <^;<W Ui EHwtH < M EHw^HH «w >wrH<w Eh w 1 1
•frHrH + 2 i + rH rH + 2T
-22 ^S— « —22 ^2~
•DQS ^Q^ •^PiS ^Pi^i COwWQ wW-w w<DS w<w2 «hHCu rHH»H 01 2 f-lEH< iHE-lrH •HW 20iEHEH Piw2 u W 2aiHEH Qiw2 a
ffi WD i i D i 3= •H ffi WD i I D 1 2 rtH KQrHE-lO QEhQ C Pi EH DPSrHEHO PiHPi ,c Pi
«—«> hbOH . WrHW aj 2 H<OrH . <<r-i<; u 2O -HUSO Eh2H .C 22 O —€hW20 H2EH a> 2W
• Oil 22 11 it s no u WPi • Oil SSII II SIIO s WuJOrH .—<Q— —Q— . a> PC<C OrH .-~ai<^. ^<C^ . EW
•U rH^E-iH^ ^Eh^O £ EhH •O rH<-)<EH^ •^Eh^O D» HHHU •wll II w -.11 wll —
*
EhW ••wll II w — II -wll fi --H<OS WrHrHE-lrH r-\E-lr-lr-i D> o— 02 Wi-I rH(HrH i-HEHiHrH •H O—
.< JQSUt-12 OirHSU C .* .2 JPiUrH2 Pir-lSO -P •^
rHH •DW2S D22H •H Ow rH< •DW2S D22W •H Owu\ OQE2Q QSQ2 -P • rH u\ OPi2SPi Pi2:Pi2 (0 .1-1
WrH H-l|JL4<QW InQ[i)< •H Eh2 WrH •-•<&;<:< <<<pi 5 Eh222 HEhHEhEh Eh Eh Eh Eh (0 OS 22 EhEh<EhEh HEhEh< OS<Q < Eei > .Pi ps2 < W .-i .J
00 E-itti CO Pi W rH —
<
o << o K W HH 03 —
W
CNO wH O w W Q
-M «Eh M wEh rH «— C/i Q O I^Eh rH
rH- WEh r-\ &J J 2 -.11 t-i WEh r-\ W J 2 •H — II rHM II Wi-t w w <a rHrH •—• II hH [£] ^ rHrH
o o o 1—
1
e 22 o o O -P 22 O
Eh m E-t (C SPi H , 1—
1
H u 2J HW Eh Q S Pi< W Eh W CD JW w





















."K **"N, *«**s **"«* P
O O O O
l-H I-H rH rH 73
H H H H <U




^~» «HH^ «*•» ^rH^ T3
* —H— * —H—
i-H<rH ^^ r-ir^r-{ CQ >i
i-H 2tf2 rH 2Di2 PC2 2X3: 2 2\S a to2 J—vJ 3= 0-~0 (DO,J ~ Wfc^W O ^ WJ^W eg






+ 1H1H + 2 1 W + rHrH + 2 1 g
^22 -S2^ ^22 -S2^ ow
^J2 ^)W^ •H ^U2 T>0!^ UQ
Ui]J —W— c —WO —W—2 rHEHW rHH>-l (0 2 rHHW rHEH<H (1) Sh
w 20SHH Pi—
2
A W 20SHH {*—
2
^(C
K WD 1 1 O 1 s ffi WD 1 l D 1 S p <y 2H ffiJHHO JhJ <a 0$ H EOrHEHO OEhO ^1 W
.—* HWUrH . WfHW a 2 .-•» EHWOrH . WrHW ^ 2a5 KO ^HWSO H2H 22 O —EHW20 Eh2Eh <D W2 H
. on ssn II S II O & WO . Oil 23:11 11 s II ^XJ KO ^^
OiH . •*-**-] J-""** <~*J^ . c sew OH .'-UU- ^0— . P Eh2 O
•O rH^WH^ •nEH^o •H HH •O i-H^WH^ ^HUIO W '-SW .HW — II II — —II— 11 -P <~~-K HW — II II — —II —II •htj OH OOS WHHHH i-HHrHi-H •H O— 02 IjHt-ir-i^-it-i r-\ir<r-\i-\ c .* ,
•J JDiUrHS KH2U a] .*; •O WPiOrH2 OSrHSO <U aJ O-^ H
iHW •DU2S D2SW > 0— Hfei •DW2S D2SW 'O .i4 <J\ OOX OJ2SJ JSJ2 .rH o\ 002S0 OS02 ocs H— rH
WrH hhWWJW WJWJ ^H H2 WiH •-1WOOW WOWO OCN rH CN22 HHWHEh HHHW O OS 22 EhHWEhEh EhEhHW H •2 OJJ < W 5-1 .0 OO < W <+H(/3 ^S O WWW cs PS W i-H -P -~w <tf WW ^ tf W H 02 t^2 H 2
—
H
r-\ — W Q C I^H i-H —Eh rH — W Q —
W
<WH r-\ W J 2 O — II rH WEh rH W W 2 CP cnH O H
H-HI ^ w O rHrH hh|| rH W O (tf 2 11 OW—
O O 22 O O O •H Scm H[l|
1—
1
H 1) SO H l-H H P CQ 22W 1 *-*H W Jh ow W En W O O W2W Q
< O 1—
1
•H WH O HH <C O h-t (D-H HWJ 2
PSWO <H HHWO tfWO W C —HW W
u:1 Q — if.l Q mI Q (0 WH
(_i 1 2 ^ W ^ 1 2 ^ 1 2 W^ t-<
&: 1 W t-n t: 1 W * 1 W •H U
(N
92
o o o o
H H Eh H




^^ ^»-h^: ^-s l*'-'^
« —£H— M —*H-
CN<CN tMt CN<CN
cvj 2PS2 CN 2D^22 2\2 2 2\22 2—2 2 2—22 *-* uu:w 2 *~» PS ^m ?S
w « H—£h X X, Eh—£h
EH w —CN— H — —<N—
+ CN<N + 2 i + CNCVJ + 2 i
^S2 —g-N —22 ^2—
^22 ^Zt4 CN ^22 >o2^
cs wW2 v_W— U —X2 —X—
u CSEHlil CSEHCN 2W cmHX CNEHCS 2
w Z05HEH Pi^S W2 ZOiHH oi-
2
W
2 WD l i D I S X< WD i I D i S K
< JEZcsjEhO 2Eh2 05 tr*H K2CNEHO 2Eh2 05 H
H HWOcN . UCNW 2 —
\
HXOcn . XCNX 2 <—
^
\ •-BUSO EhSEh 22 Ocs —HW20 H2H 2ff! O
<N Oil 22 11 ii 2 no US •2 Oil 22 II II 2 11 O WW .2 .—<W— ^{£l^v . rex OS o ,<~<X— —X— . EX OCN rH2 iH^)EhEh^ »-)Hfc40 EH EH •X <N «-h'-)EhEh^ oH^O HEh •O <NW (^ .— II II — — II wll —H< EhH rH — II II — wll wll -~>-K EhW rH
E-i H WcscqEnoq cnjEhcncn O— OH WcscnEhcn cnEhcmcn O— 02
H rH JQSUcnS aicNSO •^ .11 o jcc:oc^2 tti<N20 .« •< o
II •DWSS D22W O— csO H •DW22 D22U o>^ (NEh H
o o 0222Z 2S22 • <N Om 02222 2222 .(N o\H H m&KWM wuw< EhS WEh o t-tX<XX XXX< H2 WCN o
H W Eh Eh Eh Eh Eh HHHH 02 2< Otn Eh EhH Eh Eh Eh Eh Eh Eh 02 22 ow
< O i—i<C W 4S <05
i —i<J W .lu <[XJ t—
1
OS O oi w w O H W « W HH —X tH HXPl 1Q— CO Q ^EH CS — CO Q— CO . Q Xt-i CS ^M ! Q
W 2W J 2 — II iH W J 2W J 2 ^11 rH WH^ 1 2










l-H <CHHWO HEhWO Pd
— CO Q >_ CO Q
fn J 2 W uJ 2




o o o o









^•N i4*-*M ««» *5H-.fc$ —
»
U5 —*H— X —£H— W
»W CN<CN Sm* CN<CN **-•
cn 2Q5S CN 2052 CNS 2\2 2 2\2 22 to—to 2 05—a5 2
[rj ^ ?S HM ?S 05 «-«» H^Eh Q **>
X i^ H—
H
Eh « H*~fr< W t^5
E-i — v-oqw H ^ UN^ EH w
+ CNCN + 2 i + CNCN + 2 i + CNCN
-S2 —2—* —22 —s^ ^22
T>to2 -}tot*5 ^052 7>05^ ^Q2
—Xto s-*{w —fH05 —£H— —tod
cnHX CNHCN cnHEh CNEHCN 2 CNHto
2o$EhEh 05—2 2 205 Eh Eh 05—
2
W 205EhH
UD I l D i 2 W UD l I P i 2 K WD I l
EtoCNHO toEnto o5 K KOScnEhO 05EH05 05 H XQCNEHHXOM • XcnX 2 H HEhOcn . EhcnEh 2 «*
»
HtoOCN
<-EhW20 H2H "ZU. «•-» —HW20 H2H 205 O ^U2O II 22 11 ii 2 no wo5 O Oil 22 11 II 2 no UQ . Oil 22
.—<Cto-—
»
—to-"^ . re eh • CN .—<Eh— —£-1— . Kto OCN .—<Q
rH'OEHE-lt^ ^H^O HH OO rHi-oHEn^ ^)Eh^O EH EH •O rH^HEH
.— II II w — 11—11 «*--fc •u — II IIW — H — II —He HW .—II II
WcncnEhcn CNEHCNCN O— Eh2 WcncnEhcn CNEHCNCN o— 02 WcncnEh
J05UCN2 05cn2U • !*5 o< Jo5CJcn2 05CN2U •^ .< J05OCN
•DUSS DS2W o— • EH CN OUS2 'D22W O— cnEh •DW2
Oto22to to2to2 • CN CN\ CN 0052205 052052 • CN U\ OQ22
t-HX<toX XtL4X< H2 UCN rH »-hEh<EhEh HHEh< EH2 WCN •-tto<Q
EhHHHEh HHHH OS US hhhhh Eh Eh Eh Eh 02 22 Eh Eh EhH
< to .Pi 20$ O 2
b •Q <Q <
05 W M —€h CN <H Eh £1 l-H —to O Hto o 05
— CO Q ^H CN En Eh — m . Q ^EH n —Eh n •w*
to J 2 —II rH —
H
O by J » 2 wll rH toEH rH W
•-H to" CNCN Dull Oto»-i W CNCN M|| I[UH22 O MO i—
(
22 O O OiM
2Di H hU 2Q Eh (—1 H
05H to EhW Q Qto Eei Eh IQHH OM <J 2 . toH O 1—4 <£ 02HHWO 05W W HHWO 05WOW
— en Q — CO Q CO
to J 2 to J 2 a

















































































































































































Oil 22 II 112
rH^WH^ ^EH
.^-11 II -w w||
WcncnEhcn cnEh
JOSU<n2 OScn
.DW22 D2OJ22J J2HdWJW WJ
HEhWEhEh EhH
















o o o o
H En Eh En H
< < < < <
« tf CtJ a a\\ \-*\ \^\
~o~ ^o^
&4 *~* ^»-t^ «-* ^t-.^
* *_EH^ * wEh^
cs (N<(M >_* ro<ro
s <N 20S2 ro 20i22 2 2\2 2 2\2J 2 o—
o
2 2^2
W O *- fausfa 2 •— Wfc^W
H fa X EHwfH fa fc4 BOH
„_^ H ~ >^N>^ H ^ N^<0>^
l + <NCM + 2 i + mco + 2 i
^^
-S2 —2~ ~22 ^S~
W •DOS ^0*5 ^22 ^2^
wfaO wfa^ CO ^£12 wW^
og 2 CMHfa cn En cnj o rnHfa roE-in2 fa 20iHH tfw2 fa 2l*HH 0S~22 E WD I I D i 2 22 WD I l D i 2J « H KOMHO OHO W< D32mHO 2EH2W 2 EnfaO<N . faCNfa 2tf KH HWOm . WroW
H 22 O —EHW20 H2EH US H\ '-fHWSO Eh2H




^ • Dfa Ocs .^<JO~ --0-— . H2 02 .^<cw~ -sw^ .
^o HH •O rH»DfaE-l^ •DH^O --fa •2 rH^EHEH^ dEh^O
^11 -^•fc HU — II II w wll ^11 OH ow r*» •wll II w wll w.||
CNCN O— OS WCNCMtHCg <NH<N<N .* •H n WroroHoo roEnroro20 •u: •o JCt50<N2 (*<n2U O^ Eh Eh rH .JtfOr>2 0in2O
su o>w csfa •DW22 D22W •^ r- Oil .DW22 D22WJ2 .CN OX 00220 U2U2 H~ CO •O O 02222 2222WJ HS WCN HHfaOOfa faOfaO On rH ro»-i EH h-iW<CWW WWW<
EnW OS 22 HHfaHH HEnHfa •2 OEh WEhEhEhEhH EhEhHEh
fa •o OO < fa ^2 O W< O i—t <c fa
i—
i
<~fa \D fafa U3 Pi W hi «2 Eh 2PS o K W .mQ fc^H co wfH n w W Q wfa < Q— W Q2 -^11 iH faH 1-\ fa J 2 roEn O H t£ 1 2fa J 2W csc\q M|| M W 2 11 Ofa^ c/: I Wt-t w22 O o O SP1 l-Hfa ^ 120 H 1—
t
H 22W l l-H [t 1
Ofa fa H fa W2W i Q
faEH O t—i <^ O h-l Hfal-J l 2HHWO QSWO wHW l W
*_ wI Q v:1 Q faH
fa ^ ! 2 ^ I 2 H-t




o o o o
En Eh H En








« w£H^ * —£-1-
co<co ^* co<co
CO 20S22\2 CO2 20S22\2
15 2—2 2 to—to2 — Xi4X to —» ?S ^M Pn
X UJ Eh—Eh X « HwfH
H — —co— En — -C)w
4-coco + 2 1 + COCO + 2 1
^22 —2— —22 —2—




E< UD l l D 1 2 EC WD 1 1 D 1 2
OS HH EC2coHO 2Eh2 OS EH JEtocoHO toEnto OS2 *-\ HXOco . XcoX 2 ^-s EhXOco . XcoX 222 On ^fHW20 Eh2Eh 2oS —EHU20 Eh2Eh 2^US •2 on 2211 II 2IIO Wto . Oil 22 11 II 2IIO UOS
ffiX 02 CO .—<x— —X— . KPs Oco CX> .—<Jxj«~. ^{n^. . EEhHH •X CO HhHHU; ^Eh^O En En .0 CO -h^EhEh^ T) Eh I^O Eh Eh
—
*
HB rH —II II w. —11—11 •"»* HW rH X
o—•« OH WcocoEhco co Eh co co O— 02 WcocoEhco co Eh co co O—
.^ .11 O JoSUco2 0Sco2U .*S .< O JOSOco2 0Sro2U .Xo— COO H •DU22 D22W 0— co Eh H •DU22 D22W Ow
•co U>-t 02222 2222 • CO o\ Oto22to to2to2 .COHS WH O i-hx<:xx XXX< H2 toco O »-hX<CuX XtoX< Eh202 2<C OtoHEHEnEHE-i En Eh En Eh OS 22 OC« En Eh Eh En Eh HHEhH 02
•2 <0S 1—i<j to .to <to l-H<^ to • OS
—
X
00 H tt 1 OS to l-H —X cr> HXW 1 OS W n —'€H O
t4H CO w w I Q— CO Q *IEh CO —En CO I Q— CO Q ^H ^
wll iH c*j ^ 1 2to J 2 —II «H toEn^1 2to J 2 — II rH
coco •"• tt 1 W"-h to COCO M|| [£ 1 W»-h W COCO22 O 22 O 22 O22 H 2to H 1—
1
20S H2X to toX to Eh OS EhXH l-H XEh O l-H <C EhEh O
EhEhUO EhEhUO (3 EhHWO
— u:) Q — c/:I Q *-, CO
to J 2 [14 ^ 1 2 Cu J




o o o o
H Eh Eh Eh
< < < <
ci Pi Pi «\^\ \~\
^o^ ^o^
,—s i4*-*U ««>» J^r-H^
14 w€H^ fc4 —EH-
co<co •w CO<CO
CO SPiS CO SPSS
s 3\2 S 2\3£ Pi^-Pi S Q^Q
Pi ^ Ht^EH Q *? Wfc*SW
EH UJ EHwfH W fci EHwEH
EH — —co- Eh — —CO—
+ coco n's i + COCO + S i
^SS —s~ ^22 ^S~
•DPiS •->Pii4 ^QS *^Qi4
—cHPi —Sh- —WQ —W—
ro EhH co Ehco z co EhW co Eh co z
z ZPiHH Pi—
S
w ZCc: Eh Eh Pi—
S
w
w WD i 1 P i S K WD I I D i S ffi
ffi ffiPicoEnO Pi Eh Pi rt EH ffiQcoHO QEhQ Pi HH BHOn . H ro En s ^» HWUco . WcoW S ^~»
^BUSO EHSH ZPi O —EhWSO EhSEh zs o
o Oil ssn II S II O WQ • OIISSII ii 2 no WPS .
.ro ."-<EH«— ^-€H^ . EW Oro .^=CQ^ <~Q— • rc< OCO
ou i-h^EhEh^ •oEh^O HH •O H^HH^ •^Eh^O EH EH •O
•w .—II 11 w — 11—11 ^HC EhW •-II II W —II— II -—fc EhWHS WcocoEhco ro Enron o-> OS WcocoEhco co Eh co co o—« OS
o< JtfOnS PicoSO .« .< JPiOcoS PicoSO • t4 •Pi
.H O •DWS2 DS2U O— co Eh •DWSS DS3W o— co<
co\ ^ OPiSSPi PiSPiS .CO o\ OQ22Q Q2Q2 .CO u\
Oro rH »-iEh<EhEh HHEh< HS Woo i-iw<:qw WQW< HS WcoUS Eh Eh EhH Eh HHHEh OS SS HHHHH Eh EhH Eh OS SS
SPi o < Cm •Q <Q < W • Pi Pi Pi
<H H Pi 1y i-i -HW rH EhW r-i Pi W w ^< <N «HH — in Q t^H «* —Eh «* — W Q ^:eh «* w€H
—Eh O W |J Z wll rH WEh rH W J z —II r-i WEh
Cull OW a u roco nil Wr-I W W coco t-t IIhO 1—1 22 O O O 1—1 SS O O
HH[£
1 - SQ EH i—i H S Pi H 1—
1
w hu; I Q QCi4 W H Q Pi< W Eh
n <^ 1 Z • Cm Eh O i—i <; 02 <EH O »—i <c
Pit 1 W EhEhWO piwow HEhWO PiWQ — V3 Q v.l — c/I Q W




























zo;heh PiwSWD I i I D i 2
CN Pi
ffiDinHO PiEnPiH<Um • <n<
-fnuso HSH
on ss ii iis no
rH^<HUi ^H^O
























































^W <tf WW «tf Pi
^H <tf wfH «tf
>^|| r-i WH H
mJroEHO JEhJHbOn . WnW
^WSO EhSH
OIISSII II 2 II O
WnnHn roEHCOro
.JPiOnS PinSO


















































^b ^3 Wb <& Pi
u:eh * ^h ^








































««-* ^ WO* £
o o •Hfl 2
t-i t-t T"3 W
H H H
< < iH *
PS PS (fl • * rH^^N^\ U 01 OirH
—
o— •H (1) 3:2
^i-h^ ^3 22
^H^ •h a) WW
co<co ftp EH EH
S0S2 ED1 * EH
S\S: 0) ~\O^O U iHrH
^*. Wt^W <D rH 20
i4 HwfrH rCn - O 2W
^^, wcow -P (0 2 us
coco + S i s 2 W H<22 ^2^ W rH Eh Eh EhOS •~)0^ £<D ffi Q i \^WO «wWw O <D H O rH rH 1HW coE-ico UU ^^ 2 Q rH OrHHH Oi—2 «W^ rH W o « WQ
I I D i S -P O Eh 2 S SO
roHO OE-iO rtJ 2J i rHW 2 <2
Uco . WCOW +J a) W<rH OH W HWWSO HSH <C£ HHO 211 2Eh ~H
23=11 II Sll O CO 73 -P «h .02 W^O CtJ + rH + +OU^ -~o-^ . W ^s WHW Eh^o • ffi^S ^^-—
N
•d^>
WHfc4 T>Ht40 2 0) 0O1JII h II wO Eh^2 >->"-3 Oi^^
II II w wll wll 1-H ,CO w£H .r-l|| rHrH|| cd-^wW >W«M» EHiHrH
coHco co En ro co EH P-P rH rHpSrH CdCMiH SrHrHEH rHiH ODiOi
OcoS QScoSO D CdOQSrO S20 ooaiEn Pi2 2D3:H22 522W O CQ W D0022 222 2WD i D2 W22
22TU USU2 « (U-P Z—2WW WWWWW22rH 22 EhWWOOW WOWO •WC WOWHIH EhHEhihheh<:uo WW + HEhWHH EhHHW 2 (C 0) H .H W * HHW H En W+ +
En o PS +Ow CO QrH .11 S II no SEhEhW KH c . rH .W J ZtfW—< ^-s*->. . 1-HiHrH
en Q EH tpen QO-t W USJ^H O^O EHOipL.J 2 < <D-H u OW 2 -wll ^--~^ll II DS
w U C W-H <u 2 . [£JrHrHrH iHiHrH -HjqwW O •HMC c: WJ HSOiU DiSO •^HEhJ -P as aj •H H< II 2DW D2W wll II2 J 3 A O II H HU22 222WrHEHEHH < OrH U c JO 2EhW< WW<i^-•EHrHrH
EH j-i aj a) CD <EH 2EhHEhWEhHEh oicc; CM2 W •h£ Ehw U^ CO iQ2D2
o D COP ^ OW H(n J zwww




O^ • ,£crj o
0> lO P5 <3<
100
CN CO












OSCN OS CO22 2222 22WW WWHH fr^H






, 20 202W 2WW2 W2
CM H< H<2 O * HH fr^iriW 2 \— \—S W CN 1 CO 1H cn H CM OCN CO Oco
*-« Q 1 OS WQ OS WQ
cn O CN 2 20 CN 2 20
CMO 2 Q 2 <C2 OS 2 <22 W O W HW 2 co W HWOWcnH 2 2H —
H
W 2 O 2H —
H
«•"* HHQ 1 CMW W + cn + + *^»—^-^. H cow 2 W + co + +
*~>
— .OCM OH as—2 *-+*-* 4^^ W— K W ac—
2
*~~*->*
v_^ 0OW2O 211 Eh^2 >r>*-> 0S<—«—-— + ^OH CO H H^2 •0»"3 os
<-irr! —OJW2 W—
O
DSj-^-W -T_,-^_!' HCNCNCMffi r-l>^H— Q 1 OS"-—
w
H22 <N^- .HW H^O . 2<NCNH CNCN O0SCM22 OSco CO O CO 2COCOH coco O20 OSOCN II H II— OOOSH PS2 2D220 20SOO 2 Q OOOSH 0S2 222 D .QcnII CNCN II 2WD 1 D2 W2222 WD02 W O 2WD 1 D2 WWW 2OO0S<N OSOhCN WS2CN 22 HWWWW H2—WcoH 2 W22co 22 HhH w .220 220WH<W0 WW + HHHH WWOHQ
l
COW H<WO WW +
+ * HOW22 222i1-1* HHW HH W+ + +* + H • .Oco OH * HHW HH WBH + WHWWWWWW CN -112 II no 2HHHH CO +OW20 211 co .11 2 II II O 2




22 QJIu J 22J>oH >0^O H0SCU22 OQCK -HW H 1-) • 2JOH Tod H22 G<i-t W 1W2 .—II ^——-11 II D222 20WC0II H II —O 2 .—II II IIWW 2H WCNCNCN CNCNCN -WtdUU W2 -Qco II COCO II Wcococo rococo
EhH WO H20SO 0S2O >oHHHH HWJOoSco OS IX, CO H20SO 0S2O o
II II Hfr II 2DW D2W —II II II II II H<22:0 220 II 2DW D2W
H«H II — CSW22 222WcnHHHcn coll HW22 222WcoW22 222WCOHJ JW 2HW< WW<i^•H(NCN<NJ QJOHWW WWWih2HW< WW<ihH22 <^l-H 2HHHWHHH ososo<22 CKHv-fHBUHBH Z^^^a^irtfr* OS22 H W— 00 1Q2D222 2H—
W
CO QW— CO 1Q2WW HW J :2WWWWW WOWm J 2HW J :SW






























































































































































































(N 2 22 2
Oi 2 <2 fa£ m X HX iH X
H vQ2
W-~- fa
2 2HW + m
35^2





U + rH£~2T>TO X T" T 2^ lO^>
C'f>—r<—>->->• + ^OE m H Eh^2 "O^ 052— oOPG rH H En'-Jfa
HCSCNCNffi rH^€-lH Q I oi^-^X >w^ H2mmm wEhH Q l o5-~—
X
2QSP-.22 fflro -^ 2 m 2mmH mm 2X05 Pm2 rH "^ 05 rH 2dHH2D22Z SaSOm 2 a 2O0SH 052 2BD22 05OrH fa Q 05O05EHX2222 XDOZ X 2 2UD i D2 X* 222 DOo5 X 05 fafaD IHXXXX H2^2nH 2 X22m 22 H^XXX fa-^farHEH fa X2farH
+ HHHE-I WXOXQ
I
mX E-KXU XX + »oHHH XOXQ l HX H<XU
W+ + +* + Eh .HZn 2H * EnE-m HH fa—+ + + Eh .HaSi-H 05H * HEnfaSEhHHH m + O .22 2 11 m .11 2 ii no 2mEnHH + .fa05 fall rH .11 2
t-t<NCN(NCN Qro .WX2 X-^O psw—< <—^—N , t-"2mmm CO r-\ ,WXb x-~o 05U-~-<
EhoSO<22 2QOUEhX Eh^ • SJ^H *->^>o Eh205Pm2 U QOUEhX EH»n . SJ'iH
II D222 22U .1II H II —
O
2 .wll >—~— II II 2D22 <D 05W . II H II >-o fa .—II
•~XXXX X2 .mm II mm ll Xmmm mmm ^XXXX <h fa .1—Ii—I II rHrH || XrHrHi-l
^oHHEhH EHXJQQSm aSPum En2tfO PS2U >->EhE-iE-iH W XJQOSrH DiP^rH EH205O
— II II II II IIEh<23:2 S 2:2 II 2DW DSU wll II II II C C-KO5205 2S£^ II faDW
CucnHHHcn mil h222 222famX£ 222CummE-iEHH cfl II Enfafafa [xjfctjfafa.-HXfa2
t-HE-tcgcvjoqJ QJOXXX XXXih2BX< XX<ihhE-iJmmm ^i JOXXX XXXi*-i2EhX<<
Pdacuss 2<HEhEhEhWE- 2HHHWHHH 053:oiP-.2 -P <E-iHEHE-mHEnE faEHHEHfaQ2D222 2Eh— CO QXw CO Q22D22 Eh>—«-
-
C/3 QX^ CO
^^ ?s Ps ?s ?s ?s XOfafa J 2Hfa J 2XXXXX X Ofafa J 2Enfa i-JWHHHHH HEh>-"-« fa WBh fa WHHHHH
H



















OSrH PS CM2S 2Sbb totoXX XXHH Eh Eh









iH 1 CM 1
UrH CM UCM CO
wq os WQ OS
sos S SOS CM 2
<to to <to OS to
EhX CM X HX 3: CO X
wEH ai ZEn —€h to OS 2B
+ + ,~»-»^-«« ooz to W + CM + + ^*^-**~*» H CTiS to W +
/—«-—» T)^T> — W X k^s .—»—
s
d«-j^ to— to X X^
^o tv,^ ^ ^ ^ ^Offi CM EH H^to ^^ D^>^
'
+ ^OK n H H^




«W«M« EH CM CM CMK rH—£-lEH Q 1 OS-—
i-HrH OSOSOhSS CN ScmcmH CM CM OSOSO^SS oSco —. oS CO Sco co
OSS toDSSoS OSOcM Cn Q OSUOSH OSS toDSSoS SOSOco . to Q OSOOSD2 X [X4 to to to DOoS X 2 toWD I D2 Xtotototo toDOOS X OS totoD
toto HXXXX to—to cm Eh fe XStoCM toto HXXXX E-ito—tocoEH to XStoXX + EHEHHH XOXQ i csX H<XO XX + HHHEh toXOXO
l
coX Eh<X
Eh En to + + +* Eh .EhoScm OS En * HHW Eh Eh to+ + +* + Eh .EhoSco OSH •x HH
ii no SHHHEh + o .tooS toll cm .11 S II HO SEhEhHEh co + O .toOS toll CO .11
^«W—V . 1-HiHrHrHrH cm .WXto x-~o osto--<: —«—• . i-iCMCMCMCM Qn .toXto X—
O
OSW^
o^o HOSPuSS Q04JHX H^O • SJ^H •->^o HOSO^SS OSQOUHX Eh«-o . gJO
•^»«— II II DS22 OSW .11 EH II —
O
to .—II "N-*"— || II D222 tooSto • II EH II —O to .—
i-trHrH
—to to to to to .CMCN II CMCM II Xcmcncm CM CM CM —totototo Xto .coco II coco II Xcoco
osso ^HHEhEh XJQOScm 0SP4CM EhSOSO ossu ^EhEhHH EhXJQOSco OSP-iCO HSOSD2U — II II II II Eh<COS3=OS S^OS II toDW DSW — II II II II II Eh<OSS:oS 2SOS II toD
tufeSfeiHEHE-tH'H || EHtototo totototoCMXtoS totoStoCMEHEnEHCM CO II Entototo totototocoXto
XX<i^H«-if-ti-U JOXXX XXXimSEhX< XX<i-hEHCMCMCMiJ QJOXXX XXXimSHX
HHEh OSOSPmSS <HHHEhWEhEhH toEHHHWEnEHEH OSOSP4SS OS<EhHEhEhWEhEhEh toHEn
1
QtoDSSto Eh— W QX— m 1QtoDSSrto toEn—— -C/3 QX—
iZJXtototoX Ototo J ZHto J :ZXtototoX XOtoto J 2Hto















05 CO OjrH22 22WW OS OSXX EH EHHH En Eh





InH OSWX2h3 H2H<HH HH\w \—
.
CO 1 * rH 1
Uco rH UrHWQ OS WQ
20S s 2W








SHW + rH wH CO1 r—
r
w




fa no cci « •^Cffi rH H H^OS "->»^ 0l^^-^~- OOK CN HX •w-^- Hcococotl! ^€HEH Q l OS——H -T_,-i_r HrHrHrHjIJ wfHEH Q l OSH coco OS0SO4S2 rH — W rH SrHrHEH rHrH WOS0<22 CM — t4 eg 2H OS2 WDSSoS OSOrH oS Q WOOSH OS2 OSDSSW 05Oc\] oi Q 3
l D2 X [ti Uj Cu [ij DOW H W OSWD 1 D2 HOSOiOSOS DOW Eh W OS
co CuCl4 HXXXX OS—OSrHH OS H20SrH osos EhEhEhHH Oi—OiCNEH OS EhU XX + HHHH HOEhQ i •-IEH H<HO HEn + HHHEH HOEhQ l cnEh EhW HH U+ + +* EH -EH^rH WH * HHW HH W + + +* Eh .Eh^cs WEh *2 II MO SHHHH + o -OSW 05 11 rH .11 S II MO SEhEhEhH + .CCU, OS II CM
< -—--"» . i-hcoco coco rH .UHOS Eh—O OSW—
<
^^-«.
. H-lrHiHrHrH <s\ .WEHQi Eh—O OS
tH TOO HOS0<22 QOUHH H>0 . 5W->H *->*->o HOiCMSS QOUEhEh Eh»^ • s
II »wwl| II DSS2 WW -II H II —O OS .w|| >»^-_^ll II D2S2 WW . II Eh II wO OS
CO CO CO CO ^Si| [xj fcu [t| ^ OS .rHrH || rHrH II EHrHrHrH f-ii-\r-t --fHEHHEH OS .CNCM II <N(N II H
u 0S2O •oHEhEhEh u EnJQOSrH OS 0<rH H20SO 0S20 •D Eh Eh Eh Eh Eh JQOiCN OiO-iCN Eh
w D2W — II II II II aJ H<W2W S2^ II OSDW D2U s-.ll II II II &<U.-Z.U, S3:W II2 [14 CuS Cu co E-tH E-i co (-i II HososoS OSOSOSWrHEHOS2 OSOS2WrHEHHHrH II Enosoio; c£0ZtXb->c<i
< XX<i-•H CO CO COJ +J WOHHH HHH'-<2HH< HH<i—I EHrHrHrHJ JOEhHEh EhHcHiMgMUEHHH OSoSPn22 <EhEhEhEhUEhHEh OiEHEHEHWEHHEn OSOSPnSS < Eh Eh Eh Eh Cd Eh EhH OSW |QdOSSW ,* H> C/i iQH— CO iQOSDSSOS tri^^, cn QEhj :SXCutituX C OWW J :ZHW J :S En Eh Eh En Eh Olub J 2 EhW |aHEnHEHH
H















PS<N PS COS2 22
pSpS PS PS
H EH Eh Eh
Eh EH EH EH
* EH * H
<-»\ *-N.
CSJCN COCOSU SO
psw PSWHS EhSH< H<
Eh Eh HH\— \—
CN 1 CO 1
cs UCN CO Uco
PS WQ PS WQ2 s2 cs 2 S^S
PS <PS PS PS <PS
EH EH EH 2 CO EH HEh rH
W + cvi
wEH
1 EH rH2 PS
2HW + co —
H
i HZ PSQT + . - . • + T * * *
ffi^S ^^-* To 1-) W-—• w EH E^S ^-«^-» •dD^ -^ w W




EhcncscmE iH—tHEH Q l PS-^wEh —-^^ Eh co co co H! s^H Q I
CNCNJE-1 cqcvj ^PSPhSS PSco *-«. *S CO Sco ro Eh coco fc4PSP^SS rH —» PS iH
UPSH PSS PSD22*; 2PSOco PS q ^SOPSEh PSS PSD22^ PSOrH Q QWD i D2 En PS PS PS Pi HDO« H X PSWD 1 DS Eh PS PS PS PS DOPS W PS
SPSCN PS PS Eh Eh Eh Eh Eh EhpS-—OScoEh PS HSpSco PS PS Eh Eh Eh Eh EH Q'-QrHEH Q
<HO Eh Eh + EHHEHEH WEhOEhQ 1 coH Eh<EhO EH EH + EHHEHH to WOWQ I iHW
EhHW H Eh W+ + +* + H .EHfc<Sro WEn * HHW Eh Eh W+ + + * CD Eh -EhPS-h PS Eh
• II S II no SEhHHH co + O -PSt4 PS II co .11 S II II O SEhEhEhH > + o .QPS Q II
W-~< <^^—> . t-HCNCNCMCN) Qco -WEhpS H'-O OSW^< ^-^-v . UCO CO CO CO H rH .WWQ W-^-J^H t->o EhpSPhSS WQOUEhEh HT> • SJ^EH T-30 EhpSP^SS U QCDiJEnW Eh^
.— II >w—'II IID222 PS^W . II H II —
O
PS .— II —-—'II IID222 T3 PSW .11 Eh II —
(NCSJCNJ CNCNCN -^HHB EhpS -coco II coco II Eh co co co CO CO CO '-Eh Eh Eh Eh Q .rHiHll i-Hi-l
SPSO PSSU oEhHHEh EhEhJQpSco oSP-ico HSPSU PSSU •^ Eh Eh Eh En rH WJQPSrH ps a,
PSDW D2Id — II II II II II eh<^2*; 22t*S II PSDW DSU —II II II II (0 Eh<PSSPS 22
H0J2 PSPSSWCNEhEhEHCNJ co II EnPSPSPS OSPSpSWcoEhpSS PSPSSWcoHHHco fi II EhQQQ PQHH< EhEh<i-•EhcncncnJ QJOEhEhEh EhHEhii-tSEHH< HH<i—iEhcococoi-J •H jowww WWHHHWHHH PSPSO.S2 W .< Eh Eh Eh EhW Eh Eh Eh PS EhHHW EhHH PSPSP<22 <H <EhEhEhEhWEhEh
— C/i |QPSID22PS PSEh—- W QH— CO |QPSD22PS Eh— W
w j :Z; Eh Eh Eh Eh Eh EhOWW J ZHW j :ZIEhEhEhEhH X OWW J





















Pi rH PiCNS2 S2QQ QQ
CxjCxj UEu
Eh Eh Eh Eh
* EH * H
—\ —
\
r-ir-i CNCNSO suQW QU
fas US
EH<2 Eh<
Eh Eh HH\~ \—|H 1 CN 1
rH OrH CN UCN
Pi WQ Pi WQ
s SPi 3: SPi CNQ <Q Q <Q Pi




PiQ SEhW + CN —
H
Q i>
Eh rH2+ + * + + *K—
2





E-iT-\t-\r-\Zl wfrHEH Q i Pi—^fa <— EHCNCNCNtC r-<—4XEH Q
SrHtHH rHrH PiPiP^SS CN *-» Pi CN ScncnH CNCN PiPiPuSS Pico -~> Pi
PiUPiH PiS QD220i PiOCN Q Q PiOPiH PiS QD2SPi SPiOn QQWD I DS faQQQQ DOPi fa Pi QUID I D2 UQQQQ QIDOPi faUjSPh QQ HfafaCub-i Q—QcnH Q faSQcN QQ EhUUUU HQ—QroH
E-KtuO fafa + HEHHH CuOfaQ I CN&L4 Eh<UU UU + EHHHH fafaOfaQ I
* HHU trifr W+ + +* EH .HPiCN Pi EH * EhHW Eh Eh W+ + + * + H .EHPiro
rH .US II II O SEhHEhH H-O -QPi Qll cn .11 S ii no SEhHEhEh co + O .QPiO PiU-~< *—^ . HH rHrH rHrH CN .WDuQ [U—O pifa—
<
«-s>~«, . t-H CNCN CNCN Qro .WfaQ
. 2J^H b^O HPiP^SS QOUEhCh Eh*-d . SQ^oEh I'lO HPiP^SS PiQOUHfaO Q .wll >^«— II II D222 PiW . 1II Eh II—O Q —II •—'II II P222 QOifa -II EH
|| turHrHrH rHrHrH --QQQQ Q .CNCN II CNCN II [nCNCNCN CNCNCN —QQQQ faQ .com II
rH HSPiO PiSO "OEhHEhH PuQQQiCN PiP-iCN HSPiO PiSO ^H EHH EH HfaQQPim
Pi IIQDW D2U — II II II II EH<Pi2Pi 2: 2: Pi II QDU D2U — II II II II II EH<PiSPi
Qtui-H[Z4Q2 QQSfarHEHEHEHrH II EHQQQ QQQCucnCuQS QQSUcnHHHcn nil HQQQ
Py»-HSE-i(i4< fafa<l-1 EH rHrHrHJ QOkjCuCu fcubufai^SEhUj< [i|U<lhhH CNCNCNJ Q JO&ukjlxj
Eh QE-iHHUHHH PiPiP^SS <EhHHEhWHEhEh Q Eh Eh Eh [i] Eh Eh Eh PiPiP^SS Pi<EHEHEHEHUQ&y— w |QQD22Q rl^^ W iQtu— C/3 QDD22Q QEh— CO
ZEHfcy J !StuQQQfe OlJyfa J ZEhCxj J ZUQQQU tuOtjPy Q


















Giro PSr-l22 22QQ DO
fafa fatu
Eh Eh HEh
* H * EH
~\ -»\





CO 1 rH 1
CO Uco rH UrH
PS WQ a; WQ2 20$ 2 EZQ <Q UU
CO fa Hfa rH [14 fafa
OS 2H —EH CO Z ZH —EH cr>Q w + co + + »-«^~^-v CO H2 u U + rH + + .—~^»^s rH2
Ui ffi^S ^»^—
K
*-0^^ e ^ [£1 fa E^S <^^~« PS*-)^ 1-^ —. W
H Eh^Q »-3»-3 Q£-—
<
<u ^ODC i-H H EhTjO T>T> Eh-—«— bOB
i oi^—to WW HcococoK -p —£hH Q l prj *~»- _ ft 1 >-^— SrHiHtHK —Eh En
CO 2cocoEh COCO ps<*0hS2 W rH —
»
S iH 2>-lrHEH rHrH O0SCM22 (N ^^Q PSOOSH Qi2 QDSSDi >1 OiOtH u Q ZUQiH fa2 faDSSZ CdOcN
OH QWD i D2 CuQQQQ CO DOZ CI4 Z UUD 1 D2 HUUUU DOZQ bu2Qco QQ EHbub-tfatu U-«OHEH U [i)SUH OO + [i|[i||JL|fa O—O CN
cofa H<faU Uafa +HBHB iH faOfaQ l i-Hfa HO&uO Ctibu HHHH U4OC14Q
Pi Eh * HHW HH U+ + + * O Eh -EnZrH ZH * faHU En En W+ + +* Eh .EhZ




-P rH .faCuO Cu^O QSU^O <-««**. . HHHr-IrH CN .WCu
H«"3 • 2J1H ono HOi^SS fi QOUHfa H^> • SJ^Cu o^O EnCCi(^S2 QOUEh
II—
O
Q —II <^»-— II II D222 O zw .1II H II—O u .—11 >«_^^^ll II D222 zu .11
coco ll facococo CO CO CO -QQQQ O O .rHrHM rHrH || farHr-Hr-l iHrHrH -OUOG O .CNJCN
cdP^co HSCdU QS2U ^HE-iHEh bmJQOirH PSO.r-1 H2DiU 0S2O ^H EH EHH CuJQOi
22: QS IIQDW D2U — II II II II 0) H<Z2Z S2Z II ODW D2W — II II II II Eh<2SQQQ&ucotuQS QQSbycoHE-iEHco 5-1 II HOOU OOUfarH 1x402 002 [i4t-HEHEHEH<-H II EhOO
DuUjCij «2Enfa<C fa[i4<Cl-tE-icococoJ •H JOfatufa b4ljy|j-ii-<2E-ilijCJ bufaO 1—lEHrHrHi—Ij JOby^
HHEh QHEhHUHEhEh tfPSPuSS: <4H <HEhEhHUHEhH OEnEHfaHEnEHfa a;ce;pM2S: <EhHEh
Qfcj— CO |QQDS2Q Eh— co 1Qfa— CO QODSSO Eh—
ZEnfa J :Z&yQQQfa X Obufa j :SHfci J ZluUUUfe OCuCuWHh fa 1jJHHHEhH G
H






















05 cn Pico52 22
oo OOWW WW
EH EH En EH







HO HOHW HW\w \w
cn l CO 1
CN UCN CO Oco
« WQ PS WQS 22 CN 5 22U OU 05 O OO
cn W WW s CO W WW2 2H wH o o
Eh cnj2
2O 2HW + co wEHu W + CN + + * — — — — _ * + + ' " - *W E—
2





CN H H^U •DT) Hwww + ^OK CO Eh H*oO ^^o H^*w^^Q I .,_„_) 2cncncnH! iHwHEh Q i fYl i*—* _ ff
!
•WW 2cococoE
2 CN 2cncnEh CNCN O05P-.22 OSro «-» 2 CO 2cocoEh coco OP5W2S CO
u Q 2O05H 052 WDSSS SoiOco O Q 20P5H P5S IuD2S2 £W 2 OWD l D2 HUOUO 0D02 W 2 OWD i DS HOOOO o
H o W20CN UO + WWWW HO—OcoH U W20co OO + wwww -p
1 CNW EhOWO WW EhHHEh WWOWQ l coW HOWO WW H EhH Eh in







n co co co co
W Eh^O • SJ^W o'-oo EH0SW22 ZQOUHfa H^ • ^J^W *->*->o H05W22 -P
H II wO O .wll W—'II IID222 OZW • 1II Eh II wO O -wll w—'ll II D22S C
II CNCN II WCNCNCN CNCNCN -<JUUU IkU .con II coco II WCOCOCO CO CO CO —OOOO d)
CO DSP-iCN Eh2PSO 0120 EHHHEH EhWiJOpSco Pi CM co H205O P520 EHHHEH s2 2SZ II UDW DStl wll II II II ||H<222 22S II UDU D2W wll II II II cC
U 000WCNW02 002WcnEhEhEhcn nil HUOU UOOWcoW02 002WcoEhHEhco sW WWWih-«2EhWO WWO'^Eh CNCNCNJ QJOtufab) WWW HSHfaO WWOihh Eh co co coJ MHWHHH UEhEhWWEhHW oiPiai22 2<HHEhEhWEhEhEh OHHWWHHW Q505W22: OSW QWw cn iQUD2SU UHww CO QWw c/3 QUD2SUJ 2HW J ZWOOOW WOWW J 2HW J zwooow w




















PS rH PSCN22 22
PS PS PS PS
<< «
HEh Eh Eh





Eh PS Eh PSH< H<\w \—
rH 1 CN 1
rH OrH CN OCN
PS UQ PS WQ2 22 2 22
PS PS PS PS PS PS












+ + * - - • + + «'-->





^OK rH Eh H^PS *->*-} Eh-— ^Offi CN H H^PS >->*-> Eh—
s-^H Q i ps-~->—< -—-~~- 2<HrHiHK —EH EH Q I PS*"—-^^ •~-~s 2<ncncnE
rH ~ 2 rH SrHfHEH iHrH PSPSPM22 CN "-« 2 CN 2cncn Eh CNCN PSPSP-.22
PSOrH pd Q SOPS Eh PS2 <D222 PSOCN PS Q 20PS Eh PS2 <D222DOS < § PSUD l D2 HPSPSPSPS D02 < 2 PSWD i D2 Eh PS PS PS PS
pS^-pSfHEH PS <2PS rH PS PS + <<<< PS '-siS cn Eh PS <2PScn PS PS + <<<<
<0<Q l rH< EHPS<0 <C<C EhHHH <CO<Q I CN< EhPS<0 « EhHHEh
H .HSh SEh * <£-<& HEh W + + +* H .EH2CN 2H * <EhW En En W+ + +*
+ o .OSS PS II rH .112 ii no 2EhEhEhEh + .PS2 PS II CN .112 II II O 2EhEhEhEh
rH .[£KpS <<-o PSU^SIS -~-~-» . 1-HrHrHiHiH cn .W<CPS <—
O
pSW-"S*i *—«** . 1-h CNCN CNCNQOUE-K EH^ . SJ^< T"30 EH PSCU22 Q04JEh< £-**-> • 2J^< •-)»->o EhpSOi222U .11 H II —
O
PS .— II -II IID222 2W • II EH II—O PS —II •~-^-^ll II D222
PS .i-HiH || rHrHH <rHrHiH iHiHrH ~<g*c<< PS .CNCN II CNCN II <CNCNCN CNCNCN -~<c<c<<
<JQpSrH PS 0,rH H2PSO PS20 •-> EhEhHH <JQPSCN PSP<CN EH2PSO PS20 ^EhEhHEhH<S22 222 II PSDW D2U — II II II II H<222 222 II PSDW D2W — II II II II
II HPSPSPS PSPSPStmH<pS2 PSPS2W iH Eh Eh Eh rH II EHPSPSPS PSpSpSWcn<PS2 PS PS2W(N Eh EhH cnJO<« <C<C<C'hh2Eh<PS <<PS l-)EHrHrHrHiJ JO<<< <C <C <C
!
^2Eh<PS <<PSi•h EH CNCNCNJ
<EhHEhEhUEhHEh PSHEh<WEhEh< PSPSO.22 <EhHHEhWE-';: PS EhEh<WHEh< PSPSPm22Eh— CO Q<— CO QPSD22PS Eh—— CO iQ<— CO iQPSD22PS
OWCn J ZEhW J 2<<C<<< OWW J ZHW J Z,««<



















05 co 05 rH22 22
0505 JJ
<<c WWHH HH





H05 trlilH< HW\— \—
CO 1 rH 1
ro Uco rH OrH
OtS WQ 05 WQ
eg S 22 2 2W
05 05 P5o5 w JJ£ co < « rH w WW
< CO § ZEhW + CO —£H CSS W ZEhW + rH w£H+ + 4 + +W—* w < H^2
<^«^N 05'-D'-> ,-> —• w W K^2 ^->-—
V
05
+ »DOffi ro H ^^ Eh—<—
'
M •ooa rH H Eh»oW rT^) EH
rH—£h£H Q l 05-~—< -H^-l^j- 2cococorn £ OnH Q 1 05-~—
W
s™o»^ W
05co ^ S CO SmmH COCO 05O5CM22 d) rH -^ w rH 2rHrHEH i-trH J
2050co 05 Q 2O05H 052 <DS22 -P 05OrH W Q WO05EH 052 W
<D02 < 2 P5WD 1 D2 Eh 05 05 05 05 (0 DOW W W JWD i D2 H
Eh 05 ^~05ro Eh 2 <2o5co O505 ^r ^^i# "1« ^"** "^« >1 J*—vJpHH J W2JH JJ +W<0<Q
l
co< H05<O « HHHH (0 WOWQ l rHW EhWWO WW
+ H .H2co 2H * <HU HH w + + +* EH .HWrH WEh * WEhW HH w
co + O -052 05 11 co .112 ii no 2HEHHH .H + .JW J II rH .|| 2 II II O 2Qco .W<05 <—
O
O5w-~o5 «——-N . *-i COCO CO CO cd i-l .WWJ W-O 05W--iJ »~»—« . t—
i
2QOUEh< En*") . SJ^< ^•-00 EH05O22 u QOUHW Eh^» . 2J^U I^O EH052W .11 H II— 05 .—II >—«—'II IIDSS2: •H WW . 1II H II—O J —II —•—II II
<05 .coco li coco II <cococo CO CO CO -~*£<C<C< 5-1 J .rHiH || rHrH|| IJJi-lrHrH rHiHiH
Eh<>JQo5co 050<co H205O 052U *-i Eh Eh Eh Eh -P WJQ05rH 05O<rH H205O 052O T>IIH<S2S S22 II P5DW D2W — II II II II U H<W2U 2SU II JDW D2W
co II EhO505O5 p5o5o5Wro<o52 05 052 fc4 co Eh Eh En co 0) II EhiJWJ WWJWrHWJ2 JJSIUHQJO<<< <c<c<cr-«2EH<05 <<05i-t Eh co co coJ .H JOWWW WWWih2EhWU WWWi-*H
2<EhEhEhEhWHEhEh 05EhEh<WEhEh< 05 050^22 (U <EhEhHHWEhEhH WHEhWWEhHW 05
05Eh> ' W
iq<— en i305DSS05 Eh— C/3 QW— W iQJ<OWW J ZHW J z,«<« .* OWW J ZHW W SU
HHi-tHH pq
iWEhhh w IxIHEhEhEhH E—• •—• •—
t

















03CN PicoS2 22JJ JJWW WW
EhH Eh En




CNCN COCO2U 2UJW JW
ws WSHJ HJHW HU\— \—
CN 1 CO 1
cn OCN CO Oco
tf WQ OS WQ5 SW CN 2 swJ JJ 05 J JJ
(N w WW £ CO w WW
in
cnZ
W 2HW + CN —
H
EH cn2
wJ W + co
—EH
' + + * — ~~ - ~~'* + +
^>>->>r> —» w W ffi'-S ^*-->> 0^>->>-> W— W w K-~S ^>-~.
•w—-— •-)Offi CN H H^J *->»-> t"^ N^^^^^i* + ^Offi oo H EH*dJ ^•"3
tHrHrHtrJ —£hEh Q I ce;.~—
w




PSPmSS CN —« W (N ScncnEh CNCN Jpc^SS oico ^--. W CO Sco co EH cocoD2SU qSOcn J Q woosh tfS WD22U SoiOco J Q WOOSEh OSSJJJJ SOU w W JWD l D2 EhJiJJJ JDOW W W JWD l SSUUWU J^^JcnEh J WSJcn JJ + WWWW EHt-J^iJcoEH J WSJco JJHHHH WOUQ l CNW EhJWU WW HEhHEh WWOWQ
l
COW HJWO WW
+ + +* H -HWcn WH * WHW Hh w+ + +* + H .EHWro WEH * WEHW HH
HE-iHE-t + .JW J II CN .IIS ii no SEhEHHH ro + O .t-JW J II co .11 S II II O
rHr-Hi-lrH CN -WWJ w—
o
CtJW-—iJ «"""«»»N . i-h CNCN CNCN QcO .WWJ W—O aiw-->vj *»«««-». ,
05P-.SS QOUEhW EH^ . SJ^W T^O EHQSPMSS WQ04JHW E-f-> . SJOW onoD222 WW .11 H II—
O
J .—II »w—-ll IIDSSS JWW .1II EH II—
O
J —II ^—»llJJJJ J .CNCN II CNCN II WCNCNCN CNCNCN --JiJJJ Wj .con || coco II Wen on co CO CO COHHHH WJQQiCN OipMCN HSPSO OSSO •^HEhEhEh EhWJQOSco DSPmco EhSOSO 05SU
II II II II E-KWSW ssu II JDW DSW —II II II II II EH<WSW 2SU II JDW DSWHHHH II hJJJ JJJWCNWJS iJJSW cn EH En Eh cn coll HJJJ JJJIucotdJg QQSW
iHi-lrHj JOWWW WWW'>-<SEhWJ WWJih EH CNCNCNJ QJOWWW WWWi^SEHWJ WWJHH
Pi^22 <CHHE-iHWHEhEh JHHWWEhHW oSoSO^SS W<HEHHEHWE- ; JEhEhWWHHWD22J Eh— CO






















































C-r* QU rH CS
<CGS J JGSO s 2





6 «J J J
5^G 2 2
•H d) Q a
0) «$-P Cu h
^ac EH EH
-P <U-H + + O O
bed i-H (N -* ^
d) g J J x-v 01
-P>i 2 2 O ffi^ g o
as cw Em fa H 2— o H
^h njQ X X Z rH ^rH •H S
D H EH O W J DiQiJ -p o w
O 0) + + O K 2 HEHOi aJ O K
HO^! i-H (N 01 -> EH ct; Eh&JW 3 ^> EH
w OJ+J-P J J G JJ'-fH H \£h> u JJ^
s U «J 2 2 o SSrHrH H JEhO <tj 22H
o 30 s 2 •H «J2 1 OS I 1 > <<J
1—
1
U-P £s X -P rHiHSS rH WEHrHj <u iHrHS
EH 01 (0 H Eh (0 220SEH J >HJ2 22Q
< g>0) + + 3 HEhEhH 2 022<C <D HEHt*4
H .G0>£ iHi-HrHrHCSCNNNCNJ u . I Eh MOO II 20SH > . i H
D -P «J JJJJJJJJ nl UrH .^ .<o ^€hEh2 •H UrH .
Cm •ht>Sh 3: 3= 3:222 3:2 > •JiJEh'oOEh . •-)EhEhH 5-i JJH2 ^g<h ZOOS.JZUPSJ 0) .SOwl 1 HO — II II II TJ •SOO o aj a) wci4<wwfcj<:[£i HO .rHEHtHII i-lEHrHiH HO
U 0* s HHHEhEhEhEhEh ,* J< JDirH Ji-J CCirHjiJ <-{ U<J
rH 01-H II II II II II II II II u 2 EH OS EH222 H222 03 SBCtiQ «Jg-p iHiHrHiHC\l<NCSC^ aj U II tdWSCOOS W2DiU^ G O II W
< aj JJJJJJJJ ^ <J>EhEh<H BHH<h •H <J>O a>G S222S22S -P EHDiOHEHEHEHWEHEHEHEH <H HDiOJ o)+j a) ouuoouoo —W— (W Q wW^-.
*: 01 > <UOi (J<UDiJ ^ fa>Cu iJ 2 ,* t4>U4
OS <D-P-H Ento<WE-ilii<W G hQh 1y w c hQh








sF CQ <# <tf
-*"K **"K C <*"*n
ffil-3 O ffi^ O O K^ O2— EH 2— •H Eh 2— EH
i-H CdrH CO 2 i-i PStH P 2 rH 2-H 2J QtfJ c O W J tuOSJ rd w J 2tf.J O W£ CuEHOi o O ffi 2 XHOi 3 ffi £ XEHCd CQ O KQ HUM H —. H ta HUU <-« H 2 HUW fl <-* EHH tu \Q> -P JJ^ X \ta> as JJ'* X \X> JJ^fH
rH EH JBO aJ S^i-lrH EH JEhO > SSrHrH H JHO •H SSrHrH2 I <X l 1 3 «J2 1 C£ 1 1 a> «J2 1 OS 1 1 p «J2S rH WEhiHJ U 1H1HSS rH whHj i-Hi-H^S rH WEHrHvJ cd HHS2Q J >HJ2 aJ 22tat*4 J >HJ2 c 22SX J >rH|J2 2 222U
H IS OS2< > HHXEh s OS2< HHXEh 2 02S< u EhEhUEh
IIOUO IISQiH CD . I Eh II OOO II StarH •H . I En IIOUO II S2H aJ . 1 En II O
-~»
.*< . *~Clta2 WiH ."-« .< . --Si4X2 CQ WrH ,^ .<c • ^XXS > UH. .-v .bOHO ^EhEhH b JJEh^OEhO »->EhEhEh CQ JJEh^OEhO •^EhEhEh CD tJUEH^O
•sbwiiw|| II II — II II II CD .20— II II II — II II II •H .20^1 1 II II — II II II
i-HEH«HrH iHEHrHrH U-i rHCJ .rHEHrHiH i-lEHrHrH e H(J .I-lEHrHrH iHEHrHrH CD HO .i-HEH
PSr-UJ Oii-UJ CQ J<J OS i-HJJ OSrHJiJ CQ J<JffIrHiJiJ DirHJJ £ j<jo;h
HS2:S H23:3: C SEHOiEHSSS: H222 C SHDiEHSSS EhSSS: •H SEhQSEhSUSUQ WSQOta aj O II WWSOUj USlnUtu aJ O II WUSOS H220ta 0^ O II WU2QQ<Iu QQPh<hh ^ <J>[t4[u<X [L4(J4X<H ^1 <J>XX«<X XXX<m G <J>WU












3 rH (N -P CO






Mt-3 > O E^ a] O 33^ U O2w 0) H Sw 3 H Sw ctJ H
rH OrH S iH ZrH u 2 rH SrH > S rHJ ZtfJ £ o w J OOSJ cfl O W J OStfJ 0) o w J2 WHOS CD O K 2 WHO* > o in 2 <EHOi O E 2
z EhWW -P ^ H o HWW (U — H OS HWW s -» EH J
w \w> (G JJ^H W \0> JJ—-Eh < \<> 0) JJ^fH w
H JE-iO >i 25rHrH H JEhO e SSrHrH H JEhO p SSrHiH EH
1 <X 1 1 CO. «JS I cc i i 0) «J2 l CC 1 1 (0 «J2 l
iH WEh«HiJ iHrH^S rH WEHrHj p r-lrHSS rH WEHrHj >1 •HrHSS rHJ >HJ2 •H 22UU J >HJ2 (0 22tf< J >rHU2 w 22JJ J2 OS2< |X4 byW EH 2 OS2< >1 <<<Eh 2 022< WWWEh 2
uo II 22H h . 1 EHIIOUO II 2UH to . I EhIIOUO II SPS-H rH . I H II OOO
< . ^WU2 -p WrH .^ •o . ^OWS WrH .-— • PS . —«2 (0 WrH .^> .J .HO •-3 EHHH fl JJEn^OhO ^HHW p jjh^o<o ^>EhEh< U JJEh^OWO
II II wll II II o •SOwl 1 II II wll II II G •SOwl 1 II II wll II II •H •SOwl! 1 II II
rHiH rHEHrHiH u HO .rHEHrHiH rHEHrHiH a) HO .rHEHrHiH tHEHi-IiH M HO .rHEHHrHJJ OdrHJJ JOJQirHjJ OirHjlJ e JOSJCllr-UiJ 0$rHJJ P J JJPdrHJJ22 EhSSS <D 2W OS EhS22 H222 cd 2< Pi Eh222 EHSS2 U SWDiEHSSSUZ USZUlu h O II WUSUO WSOOW e O II WWSO OS WSQSOW (1) O II WU20J
<w WWW<t-» •H OiJ>OOOW UOfaUH u DiJ><<D^< <<<Ctii-t H JJ>JJJU
HHUHHE-iH «H W OSO Eh EhWHW Eh Eh EhW CO <DiOHEH<EHWEHEHEn< d) WQSOEhEhWEh































<D in m in




Eb iH o tn^ O E^ O E^2w 3 H 2~ H 2~ H 2—
UiH u Z (N ^cs 2 cnj OiCS S <N DSCS
J05J H o w J 0505J O W J Qo5J o w J 1*4 05J
WHOS as o ru 2 HH05 O X 3: I*jEho5 O ffi s XEhQ5HWU u — H PS HWW *-» En Q HUW *-> Eh [xi EhWW
NiJ> JJ'-fH H \H> JJ^H to \Q> JJ^fH X \J*4>JHO a) SSCSCN H JHO S^cncm Eh JHO SSfNCN H JEhO
05 1 1 TJ «J2 I 05 I l «J2 i OS 1 1 «J2 l OS 1 1UHHJ o (N(N22 eg WEhcnJ cmcnSS cnj UEhcvjJ mmSS cs UEHCN
>HJ2 u 2205 Eh J >CMiJS 22QQ J >csJS: 22^1*4 J ><NJOS2< HHHB 2 OS2< HEHbuEH 2 022< HEhXEh s OSS
II SJH u-t . I HIIOU II 205CM . I EHIIOOO II 2Q<N . I EH II OOO II 2to
^JW2 Wcs .<—
«
•<o —{hHS WCN .*"*• •< • -~Qfa2 [£|<Nq .^-s .< . WuXhHHU iJJEh^OH . •-5HEHH JJEh^OEhO ^HEhH JJEn'-JOhO ^EhEh
wll II II c .SOwl i no ~ll II II •SOwll II II wll II II SOwl 1 II II wll II
r-lH'-t'-l o (NO -CNHCS II CNE-KNCN cnO .cnEhcmcsj cnEhcnjcs csO .cnEhcscs CSEHCS
pdrHjJ •H i_q<jqScnJJ 05 CMJJ J<|JPEJC\1.-J|J OScnJiJ J<J 05 CMJJ 05<nJH2S2 p SH«H222 H22S ^EhoJEhSSS Eh2S2 SEH0SEH2SS EhSSW2JUfa u u ii wwsoos WSoSOPn Oil UW2UQ WSQOCk O II WUSUfa HSUjJJUJH <uH <J>HEh<H HE-iEH<t-< <d>QQ<h QQCxj<i-i <J>(i|[x4<X byfcjXWHHHW wco HaiOHEnHEHWHE-iEHEH H PSO Eh Eh Eh Eh CdH Eh EhH EhOSOEhEhEhEhWHEhEhW Q 2 wW—
-
in q >-W^ C/l Q >wWw mJ S M (*j>fcn iJ s [*4>l*4 J 2 [XJ>CX4 J















H 2w2 cm ZcmO W J SOUOK S XEnoS
— H S HUMJJ^ X \x>
SScmcm H JEhO«J2 i OS i I
CMCMSS CM UEHCMiJ222X J >cmJS
HEhXH S OS2<
• I HIIOOO II SScm
Wcm •— .< . --XX2JJH^OHO »-)EhEhH
•20^11 II II w-ll II II
cmu -cmHcmcm cmHcmcm
iJKJQSCMJJ OiCMiJJSHQSH2SS B2220IIUW202 H22Utu
in
O X*?
H SwS CM OCMO W J ZOJJ
O Hi 2 WHOS
«-» EH 2 HWWJJ^ w \w>
SScmcm Eh JHO«J2 i OS I I
cmcmSS cm wehcmJS2ZH J >cmJSHHWH S OS2<
. I EhIIOUO II SZcm
(xicm .*-«• .< .
--sawsJJH^OHO ^)HEhEh
•SOw.ll II II w-ll || II
cmO .cmHcmcm cmHcmcmj<ja$c\nJiJ oscnjj
SHftSHSSS H2SSUIIWWSUZ WSZO&y
<j>xx<x xxx<h <j>[£iw<:w w[£m<i-i
EhoSOEhEhHHWEhEhHH EhOSOHHHEhWEhHHEh
w«w» 05 Q ^-«w W Q
wO»h u W hQh w W
O
H 2 CMO W JOK S

















•SOw-ll II II w-ll II II
cmO .cmEhcmcm cmEhcmcm
JUJOSCMJJ aSCMJiJ
StoOSHSSS H2SSOIIWWSOO USUUtuUJ>OUUtu UO^Uh
CuaiOHHkjHWHHHta
wWw W Q




o Ml-) O S^>H s^ H s>-^2 OJ 2<N 2 eg W<NO U J OiDSJ O W J JOSJO JC 3£ <EHCc5 O K 2 who;
—» H « HUW ^ H J EhUWJJ^tH < \<> JJ'-fH W NiJ>
SSCMCS H JHO SSCSCN H JEhO«J2 i QC 1 1 «J2 i Di i i
CNCSSS <N UHoU cmcnSS <N WEhcsJ22Di< J >CMJS 22JJ J >NJS
<<C<H s OS2< WWWH 2 022<
. I EnllOUO II SOSCN . 1 HIIOUO II 2JM
W<N .*-* •as . •~<<2 WCN .—
»
•J . ^JWSJJH ,-)0<0 dEhE-K JJEh^OUO •"OEhEhW
•SOwll II II wll II II •20w.ll II II ^11 II II
(NO .cnHc^cnj cmEhojcs CNO .C^EHCqCM (NEHCNOJ
JOSJaSCNUJ PScnJJ jjJaicNtJJ p^CNJJ
S<CPiHSSS B222 2UC5H222 B222
U II UUSOOi USOSOPu on WUSOJ WSJUtuQSj><<:as< <<<Oin JJ>JJJtll JJWJn
<0iOHH<HWHHH< WOiOEHEHWE-iUHHHW
s_«w W Q wWw CO Q






















































w +j a)2 £
w (DP
Eh iH













D <D 3 0)U w OP
< a) oj c
> ^>-H






















w •o w w w W w
jtj ^ <a K ~ K — DG ^ T3 ffi —
«
03 ffi
H t*S > H ^ Eh « H i4 0) H « g Eh
«"""*» »—» •H "*"» >»«» ^n s^
,
""
» >_, > -"^ **-**- a)
W rH 5-1 W pH TJ W rH W H H W H P W
S OS H s as <D 2 OS 2 OS 5-1 S OS 03 S
T3 m H (0 h H > H H h H S-l HH EH >1 1—
(
0) H W H W •H Eh W H W crj H W 03 Eh
> .-~W IQ .^>< S-l .-~to V .^€H .^Q •
•H W^H C U^Eh 5-1 U^H a> WI^H 03 [£1WEH H W
J-l •J^i J>-.l (d J^i > iJwl a> Jwl o J
5-1 .HHO •H .HHO .HHO •H .HHO > .HHO u .
*-) (C ^-OSEh . 03 *~OSEh • (0 -~OSEh • 5-1 "-OSH • •H <—<3SH • p
% ;*;eh:z;o 03 WBSO 5-1 J^EntoO S-l ^HOSO 5-1 ^HQO fi QH 03 ^idW || •H OJX II (U UdXIl (0 wWHIl TJ wWfa II o
II <U HWB^ s r-HXH^ u-i hCuEh-^- hEhH— HQH^ u H
« fl EhHW^ CO Hhw^ 03 FhEhW^S ^ HEhW^ H HHUX EH
•H Oil II w c Oil 11^ C Oil II — o on ii
w
0$ on ii w 03 O
04 CH <iHrHrH Pd <a <rHrHrH [t| (0 <C<-it-ir-i in <« <Cr-ir-ir-i [t| a <HHH [t4 5-1 <
(T> a >qsehos h s^ >osehoS m 5-i >osehos h U >0^EHO5 h •H >o;ehos h H >
o» <u -p US2HU P -P wsosehw M-l USQEhW ^M W
O ^ to Eh EhUJZ ^ PyEnE-iXJS X by Eh Eh [i4J2 ^ buHEHEHJZ X CuHEhQJZ X S"Q
(0



























T3 > CD o
(1) •H 0 5H
> 2 in Z 0*4H S S 2
•H W U w u w w u
,—» b K — cd K *—•» >1 EG .—"» K -* in »—
v
w M H W Eh |^ <Mfl H •^ Eh X H «
s^ cd .^v >_^ CO .*-«« ^^ CO ^—
»
>»»» *—N ^_^ ^-* ^_»
H W rH e W H CU W CM to CN u CN
0$ CO s cz cd s « CE S ffj S Pi s OS




H M EH I-H EH
W (1) H W W En W •H O H W H W EH W
"-O P .<-^<; >i .^J -p .-—to* .—
x
.^-fcti
«H (0 Cd^EH (Q W^Eh OC/3 W^H W^Eh W^Eh
>—
l
>i Jwl J*.-1 d)Q Js.^l tJwl Js.«, iHHO w .HHO H .HHO CO .CNCNO .CNCNO .CNCNO
tfH . -S^H . CU —<xz-< . CD —OSEh • <~CcSEh • -s^Eh .HOO -p ^EHOSO U ^JEhJO mc ^EhZO ^EhSO ^EntuO
Wfall C wW<l| •H wWW II CP wWW II >~toXII wWXIlUH^ 0) iH<EH'-> 5-1 HJEH^ •H CNWEH-^ CNXH— CNtuEH^"*-
HUt4 e EhEhW^ P EhHW^ 2P HEhWI^ ehehu^: HHW -^
II II w cd Oil II — U Oil 11^ O <d Oil II >w on ii — O II II ~~>
iHrHrH C14 S <rHrHrH In CD <C'-i^'-< to H <cncncn Dm <CNCNCN to <CNCNCN tu
OiHOi i-t Sh >ctEHCc; h H >OiEHCCj H -I'd >P^EhO' m x^ehpc; h >o;ehds hSUHW 0J W3:dSEhW CD W2JEHW O CD U2ZHU WSSEhW UStufHUUIuWWQ w<<WWQ ^JWWC/)Q <4H > UdWHCOQ 0<XHWQ UnXUWQ
HHUJZ .* [tjHH<CJZ A! In Eh EhJJZ •H Pl,e-iEhWJ2 fa Eh EnxJ "z; faHHfaiJZ;
wwhww c HWWBWW C hWUEhWU CD Jh hWWHUU hUUHWW hWWEhWW
cd (0 ^Jh
H H Eh cd
120
z z 2 2 s
w W U W w
x <* DC ~ DC —. DC — DC <->
H i4 H « H ^4 H « En «
W cm W CM W cm U CM W CM2 tf 2 ff5 2 05 2 Ct5 2 OH
>-h H •-• H •-t H n Eh M EH








WUiH W^H Wt4H W^Eh to^HJwl Jwl J^i J^i J^i
.CM(NO .CMCMO .CMCMO .CM(NO .CMCMO
—OSEh • <~OSEh • —OSEh . —OSEh . -~05EH .
^HOSO ^EnQO J4HOO J^EhoSO i4EHJO
>-«E-i|l wWtull wWtnll •~W<II >-toto II
MHH-^ cnQE-i—» CMUH^> cm<Eh— cnJEh-^
EhHW^ HHW« hHW^ EhHW^ EhEhU^ w
Oil II w Oil II ^ Oil II w Oil II w Oil II w DD
<CMCMCM to <cmcmcm py <CMCMCM En <CMCMCM to <CMCMCM to 2
>ffIEHPS M >DiEHCc; »-• >PSEhOS hh x^ehcc; •-• >Ct5HPci "-H n
WSOSEhW U2QHU WSOEHW WSoSEHto USJHCd H


























































1 W 1 O i
1 2 1
1 M 1 Q I
1 EH 1 COW 1
•s | OSH l
1 — khW 1
1 fa 1 <J 1
I O I fafa 1US I
1 CO 1 PSO 1
1 < 1 O l
I H i CO 1
1 OS OU 1
i O 2h i
1 cu •-"S 1
1 w Eh< 1
1 PS "—"CC i
<U l
1 en 2U I
i D S i
i H
i < o «
1 H SCO i
i en H-.EH 1
HOS 1i^ t—i<J i




IS i oJhh i
i < 1 w< l
1 w l Qfa I




1 CO 1 CO 1
1 W 1
l H I O 1




I < l 2< l2 l Q 1
i 2 l S l
1 fa l W l
1 H 1
I H 1 CO 1
i co 1 >H I
1 rH 1 CO 1
CN CN CN CN CN CN CN CN














rH CN «H CN fH CN rH CN rH CN iH CN «H CN rH CN
O -2 -OS .fc4 .2 .OS .S -W .2^S vO fa vD OS vDU vDQ <£> OS v£>J v£>
W faX faX faH Ci4 faW [14 fa< faW fa
>x-x-x-x-x-x-x-x
^'•jkji ^"^#^4* -^^* >'-'«*sji ^--^j* ^ »*sji ** "saji ^^^<
*""}
-*D -*D -*"0 -^"O *^3 -*""5 -*"0 *
•wCN «w<Nw<N—CN *-^N ^-CN—CNwCN
rH .rH .rH .rH .t-i .t-i .r-\ .r-i .
PS vTJ PS vO OS <& OS v£> OS v£> OS vO OS ^> OS <&
pSfaPSfaPSfaPSfaaSfaaSfaaSfaPSfa2-S-fa-aS-O-Q-0S-*J-
WXXXXXEnXfaXfaX<XWX
H co Eh co Eh co Eh co Eh co Eh co Eh co Eh co
Eh CN EhCNH CN Eh cn Eh CN Eh cn Eh cn Eh CN
rH • hH *t~H »fH «r"i ifH • i-H »pH •
Sv£>SvOS^Sv£)SuD2v£>S^>SvO




rH CN rH CN rH CN rH CN rH CN rH CN rH CN rH CN
p | ,p^ ,p^ .p^ .p^ _0_| .p_| . pn .
W[ij><[ij[x4[ijEHfaCJfaQfa<faiJfa
H cn Eh cn Eh cn Eh cn Eh cnH cnH cn Eh <N
rHx-H>rHNrH-<H'^H><HMHN
PS CN OS CN OS CN OS CN OS CN OS CN OS CN PS CN





2- S- fa- PS- U- Q- PS- J-
WOX2XOSEH^fa2faOS<S[i4W
EH2HSEHfaEHOSEHOEHQEHOSHiJ
^HxJ """"X ^SxJ-^€h ^Sfa ^Hfa^-^ ^^Cil
CD- rH- CN- CO- SJH- if)- v£>- t
—
O -O O O <D O <D <Z> »
cr>X cr>X cr>X cr>X cr>X cr>X cnX CT>X
>*-Hx-H*rH>«-HM-HM-H>i-H-rH
































CO 1 hH 1
I EHOS l
^ 1 H-4<tJ 12 1 <04 1
< 1 S 1H
l OS l
S 1 PSl-H 1
< I W< l
fa 1 QO^ 1




CO 1 CO 1
1 W l
H 1 12 1 2< 1
hH l WS l
< 1 2< 1
s Q 1
2 1 S 1
CO l W 1
1 EH 1
a 1 CO 1
1 :* 1
CN 1 CO 1
CN CN CN CN CN











CN CN CN CN CN CN CN CN CN CN CN
o .2 .os .*; .2 .os
2v£> SvO W<£> PSvD CJvjDQ
WfaXfaXfaHfafafafa
H -Eh HH HH -Eh HH
.X -X -X -X -X -
*~i -*") **") **~> ~^~> -J~)
w<N—CN ^-CNwCNwCN^^
CN .CN .CN .CN .CN .CN
PS& PS UD PS ^O PS ^5 PS vO PS
pSfaPSfaPSfaPSfaOSfaOS2 -S -fa -OS <J vQWXXXXXHXfaXfa
EhcoHcoHcoHcoHcoEh
H cn Eh cn Eh cn Eh cn Eh cn Eh
CN .CN .CN .CN .CN .CN
S^Sv£>2^DS^2^)S
SfaSfaSfaSfaSfaS
W -X -fa -H -O -Q
HXEhXEhXEhXEhXEh
-Cn!
-CN -CN -CN -CN -
Eh -Eh -Eh -H -Eh -H
CN CN CN CN CN CN CN CN CN CN CN
p 1 ,pn ,P^ ,p^ .P4 ,p^
WfaXfafafaHfaUfaQ
Eh -En -Eh -Eh -H -H
^X -X -X -X -X -
EhcnHcnHcnHcnEhcnH
cn -cn -cn «<n -cn -cn
PS CN PS CN PS CN PS CN PS CN OS
ID .JD .£3 .D .ID -ID
WUDXvO favD H^) O^flQ
HfaEHfaHfaEHfaEHfaEH
cnXcnXcnXcnXcnXcn
O -2 -OS -^ -2 -OS






O- r-H- CN- CO- «d> LO
CN -CN -CN -CN -CN -CN
CT>X CTiX CT>X CT»X CT>X CTi
m-H xH -<-H nt-4. «H ^








O rH CN CO ^
CN CN CN CN CN









































































X EhoS 12 t—ti< i
< <fa i
H 2 i
>H OS i2 OdHH |
< W< I
fa o.fa i2 ZU I
O DPS I
U
fa i en i
U W I2 O i
< S< i2 U2 I
W 2< I




< fa i2 1 EH 1
i en i
en 1 >H 1Q i en i























CO CN CO CN CO CN CO CN CO CN CO CN CO CN CO CN
O -2 -OS .X .2 -OS .2 -fa •





-**o -*"o -*"o ^o *
^CN—<N^<NwCN wOsJ—<NwCN—<N
CO .CO .CO .CO .CO .CO .CO .CO .
OS cO OS vO OS <0 OS v£> OS vS OS vD OS v£> OS&
OSfaOSfaOSfaOSfaOSfaOSfaOSfaOSfa2-2-fa-0S-O-Q-0S-«J-
WXXXXXE-iXfaXfaX<XUX
HcoH coH coH coH co En coH coHco
En cn Eh cn Ehcn Eh cm Eh CN Eh cn En cnH CN
CO .CO .CO .CO .CO -CO .CO .CO .





co cn co cn co cn co cn co cn co cn co cn co cn
a* .0^ .fa .fa .fa .fa .fa .fa .
2vDSv02:vD Svo s^o S>J3 S^O SvO
UfaXfafafaEHfaOfaQfa<faJfa
Eh^h-Eh-Eh-H-H>£h-*h-
Eh cn Eh csi Eh cn Eh <NH cs Eh CN En cn Eh <N
CO -CO 'CO -00 -co -co -co -co »
OS CN OS CN OS CN OS CN OS CN OS CN OS CN OS CN
i_j *^D »^D » _) »jj •^ • ^J »^ •
fa vDX vO fa v£) Eh ^OU MDQ <X><: v£)J UD
HfaEHfaEHfaEHfaEHfaEHfaEHfaEHfa
XcnXcnX i i 2 coXcoXcoXcoXcoXcoXcoXcoX
^Q^Q^ l l fa2 l Q^Q^Q^Q^Q^Q^Q^Q^
•2
-fa - I fa I «< i O -2 -OS -X -Z -OS -2 -fa -
- OS- J- I i i2-2-fa-0S-O-Q-0S-J-
OS<2fafa I » l WOX2XoSEHXfa2faOS<2Wfa
QEhoSHiJ l •-" l i H2EH2EHfaEHOSHUEHQEH0SEHJ
fa—<c^^fa i i w *-sc£i'-«x-^X'^EH-~fa-~fa'~<;'-Hii
- <i>- r— I l h I O- i-h- CN- co- <*- lo- k£>- i—
<o>i
-<n - 1 i ^t1 -^j* -^f -^J* -^t* -^f -^f -^f -



















































CN CN CN CN
• • • •
^O vO vD kQ
fa fa fa fa
x" x x" X*
Q\ <J\ CT\ Q\
% N - -
CN CN CN <N
CN .CN .CN .CN .CN
0Sv£>OS^OS<£)QSvQ0S
SfaSfaSfa^faS




OS .OS .OS .OS -OS2 <£> 2^>2VOLVOS
UCnXfafafaQfaH
H -H -H -Eh -EhUXWXfaXWXW
*i*^ ^^» •(**• *^— -
CN -CN -CN -CN -CM
Eh CN Eh CN Eh (N Eh CN Eh2 -2 -fa .Q -OS
fav£)Xv£)X^)favDEH
EHfaEHfaHfaEHfaEH
fa -fa -fa -fa -fa
-X -X -X -X -
rHCOi-ICOrHrOrHnrH




O -t-l -CN -CO -^
IT)X LOX LOX LT)X LO












^^ ^^ ^* ^* ^^ ^^ ^^ ^^ O tH CN CO
m m m in
123
CN CN CN CN
• • • •
KQ \Q KO \Q
to to to to
S H % ^
?S r*S ?S rN
a* cr» <t> o>
H ^ * -»>
N N M (N
.cn .cn .cn .
voos^os^ooSvq
to^toStoSto
-U -< -J -
rS C-' ?S C~* ?sH?S
oowoowcowco
CNrHCNrHCNrHCN




c~- -r- -c-- -c--
-cn <n -cn -
cnEhcnEhcnEhcn
•O -OS .J .
^Oto^iX^Otovr)
toEntoEntoEnto
-W -to *to" -




- O OS- J-
OSHUE-iOSEnJ
HWtoW<WW
<D -^O -r-» *

















l H 2 1
1 CO 2 I
1 t— PQ 1
III
I H Q •2 i




l to 1 EH 1
I H 1 CO 1
l W- 1 S 1
l JEh
l 042 12 i
l 2W l PQ l
I OS
I uw 1 EH 1
1 J 1 CO l







1 w l 2 l
1 JEH 1 to 1
i <2 1 EH l
I E-it-n 1 CO 1
1 — - I o< 1 >H 1
I HS 1 CO 1
CN CN CN <N CN CN CN CN














CN CN CN CN CN <N CN CN
to to to to to to to to
roXmXroXroXnXroXcoXnX
EhOEhOEhOEhOEhOEhOEhOHO
OSH OS rH DS rH OS rH OSH OS rH OSH OS rHW-X-to-Q-En-0-<-iJ-
H cnH cn Eh cn Eh cnH cn Eh cn Eh cn Eh cn
CN >D CN <D CN ^D CN ^O CN <£> CN <D CN VD CN <D
EntoEHtoEHtoEntoEHtoEHtoEHtoEHto






CD -CT» -O "tH -CNinXmXvoXvOXvo







^ if) ko t-













<n -^ </> -
XvoXvoXmdX



















This appendix lists and explains the algorithm variables
utilized in the computer program and this thesis.
1. ALGORITHM VARIABLES
The letters and numbers of these algorithm variables
relate directly to the function they are supposed to repre-
sent. As an example the first variable listed, TENWP, stands
for /Tank/ENgine/Waiting Parts/. The numbers listed with
these variable names in the program listing represent one of
the three maintenance elements of the simulation. The
numbers one and two represent the two maintenance support
teams and the number three represents the DS maintenance
company.
1. TENWP: The number of tanks damaged waiting for an
engine
2. TXMWP: The number of tanks damaged waiting for a
transmission
3. TXFWP: The number of tanks damaged waiting for a
transfer
4. TTRWP: The number of tanks damaged waiting for track
5. TFCWP: The number of tanks damaged waiting for a fire
control system
6. TARWP: The number of tanks damaged waiting for an
armament system
125
7. TELWP: The number of tanks damaged waiting for an
electrical system
8. TENUR: The number of tanks being repaired for an
engine
9. TXMUR: The number of tanks being repaired for a trans-
mission
10. TXFUR: The number of tanks being repaired for a
transfer
11. TTRUR: The number of tanks being repaired for track
12. TFDUR: The number of tanks being repaired for a final
drive
13. TFCUR: The number of tanks being repaired for a fire
control system
14. TARUR: The number of tanks being repaired for an arma-
ment system
15. TELUR: The number of tanks being repaired for an elec-
trical system
16. TENRR: The time when tanks damaged for an engine will
be repaired and returned
17. TXMRR: The time when tanks damaged for a transmission
will be repaired and returned
18. TXFRR: The time when tanks damaged for a transfer will
be repaired and returned
19. TTRRR: the time when tanks damaged for track will be
repaired and returned
20. TFDRR: the time when tanks damaged for final drive
will be repaired and returned
21. TFCRR: the time when tanks damaged for a fire control
system will be repaired and returned
22. TARRR: the time when tanks damaged for an armament
system will be repaired and returned
23. TELRR: the time when tanks damaged for an electrical
system will be repaired and returned
24. TENWM: the number of tanks being repaired for an
engine
25. TXMWM: the number of tanks being repaired for a trans-
mission that are waiting for mechanics
26. TXFWM: the number of tanks being repaired for a
transfer that are waiting for mechanics
27. TTRWM: the number of tanks being repaired for track
that are waiting for mechanics
28. TFDWM: the number of tanks being repaired for final
drives that are waiting for mechanics
29. TFCWM: the number of tanks being repaired for a fire












TARWM: the number of tanks being repaired for an arma-
ment system that are waiting for mechanics
TELWM: the number of tanks being repaired for an elec-
trical system that are waiting for mechanics
TENRT: The time when tanks damaged for an engine will
be completed
TXMRT: The time when tanks damaged for a transmission
will be completed
TXFRT: The time when tanks damaged for a transfer will
be completed
TTRRT: the time when tanks damaged for track will be
completed
TFDRT: the time when tanks damaged for
will be completed
final drive
TFCRT: the time when tanks damaged for a fire control
system will be completed
TARRT: the time when tanks damaged for
system will be completed
TELRT: the time when tanks
system will be completed
an armament
























tank final drives on-hand
tank track on-hand
tank fire control systems on-hand
tank armament systems on-hand




tank final drives damaged
tank track damaged
tank fire control systems damaged
tank armament systems damaged
tank electrical systems damaged
total tank engine mechanics required
total tank transmission mechanics required
total tank transfer mechanics required





































total tank track mechanics required
total tank armament mechanics required
total tank fire control mechanics required
total tank electrical mechanics required
tank engine repairs evacuated to the rear
tank transmission repairs evacuated to the rear
tank transfer repairs evacuated to the rear
tank final drive repairs evacuated to the rear
tank track repairs evacuated to the rear
tank armament repairs evacuated to the rear
tank fire control repairs evacuated to the rear





total tank engines under repair at MST 1
total tank transmissions under repair at MST 1
total tank transfers under repair at MST 1
total tank final drives under repair at MST 1
total tank track under repair at MST 1
total tank armament systems under repair at
total tank fire control systems under repair
total tank electrical systems under repair at
tracked mechanic current workload
tracked mechanic allowable workload
armament mechanic current workload
armament mechanic allowable workload
fire control mechanic current workload
fire control mechanic allowable workload
electrical mechanic current workload
electrical mechanic allowable workload
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